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2 -t-bu ty ld im ethy lsily l e th e r , CLXIII, and p re lim in ary  experim en ts on 
rem oval of aceto iny l and TBDMS g roups from  the above m olecule 
(C hapter 8) w as c a r r ie d  out under the superv is ion  of P ro fe sso r F. R a m ire z  
in h is  lab o ra to ry  a t the State U n iversity  of New York a t Stony Brook, U .S .A . 
He a lso  offered  additional financial suppo rt during  my v is it to Stony Brook 
from  F eb ru a ry  to May 1975.
The w ork p resen ted  h e re in  is thought to  be o rig ina l except w h ere  
due and p ro p e r  acknow ledgm ent has  been  m ade fo r  w ork and ideas p rev io u sly  
published.
xviii
S U M M A R Y
It is  now w ell es tab lished  tha t b iological m em branes a re  based on a 
phospholipid b ila y e r . The phospholipid ca rd io lip in  w as found to be exclusively  
located in the in n e r m em brane of the m itochondrion in eukaryo tic  c e lls .
Although 35 y e a r s  have elapsed  since  it was iso lated  in a pure s ta te , its  function 
in the m itochondrion s till rem a in s  a  m y stery . T his is  p artly  due to the 
d ifficulties attending its  iso lation  and the laborious and inefficient natu re  6f its  
chem ical syn th eses  reported  to date .
Since no coherent review  on card io lip in  has been published, th e re  is 
presen ted  h e re  (C hapter 1) an u p -to -d a te  (concluded with D ecem ber 1975 issue 
of Chem, A bs. ) overview  of w hat is  known about and what has been proposed 
fo r ca rd io lip in s . B is-phosphatidic ac id s  a re  a lso  review ed since, again, for 
these m olecu les nearly  nothing is  known. T hese  m olecu les a ro se  a s  by-p roducts 
in our chem ical synthesis of ca rd io lip in s . T his chap te r, having its  own 
references, constitu tes a com plete and independent en tity  of th is th e s is .
In C h ap te r 2, the c u rre n t ava ilab le  methodology fo r  the chem ical syn thesis  
of card io lip in s is review ed. In C hap ter 4, ou r repe tition  of c la s s ic a l p ro ced u res ,
i . e .  phosphorylations with s ilv e r  phosphates o r  phosphorus oxychloride, which 
gave poor y ie ld s  or ex trem ely  com plicated , in trac tab le  reac tio n  products, 
respectively , is  described .
In an e ffo rt to achieve a quick, efficien t method fo r p rep arin g  poly­
unsaturated  ca rd io lip in s , a d e ta iled  study on the p rep a ra tio n  and ch em is try  of 
various com ponents of the ca rd io lip in  m olecule w as c a r r ie d  out. In C hapter 5, 
the middle g ly cero l p art is  d esc rib ed  w here various pro tec ting  groups for 
alcoholic function have been te s te d . Best re su lts  w ere obtained using the 
¿-bu tyld im ethylsily l (TBDMS) g roup . In C hapter 6, various pro tec ting  groups, 
such as TBDMS, acetoaceta te , 0, 0, 0 -trich lo roethoxycarbony l and o -n itrobenzoyl 
w ere tested  aim ing  at th e ir  use in the p rep ara tio n  of polyunsaturated  1 ,2 -d iacy l- 
sn -g ly ce ro ls . No one was found to  be sa tis fac to ry . Saturated 1, 2 -d iacy l-sn - 
g lycero ls req u ired  for th is w ork w ere  th e re fo re  p rep a red  using the c la ss ica l 
benzyl group, effecting som e m odifications' in published p rocedu res .
U nsuccessful application  of two phosphorylating agents, b is-(0 , g, 0-
tr ich lo ro e th y l)  phosphorochloridate and C A P-anhydrides, CXV, to phospholipid 
ch em is try  is  outlined in C hapter 7, w hile the su c ce ssfu l app lication  of CEP-O-CEP, 
CXXVIII, fo r the chem ical sy n th esis  of ca rd io lip in s  is  p resen ted  in C hapter 8. 
D iscovery of an in tram o lecu la r ca ta ly s is  by a P-OH g roup  tow ards a  g -located  
e th e r  bond g rea tly  sim plified  the syn thetic  c h e m is try  of ca rd io lip in s .
S tarting  from  1, 2 -d ia c y l-sn -g ly c e ro ls  th re e  ca rd io lip in  spec ies  w ere  
p rep a red  in a yield of 20 - 28% by a four step  sequence req u ir in g  purifica tion  only 
fo r  two of these s tep s . T hese  y ie lds a r e  s im ila r  o r  b e t te r  to those published fo r 
the c la s s ic a l s ilv e r  phosphates (C hap ters 2 and 4), but o u r syn thesis  is  achieved 
in much sh o r te r  tim e.
. . .  /
i
C H A P T E R  1
C A R D I O L I P I N S  A N D
B I S - P H O S P H A T I D I C  A C I D S  : A R E V I E W
The te rm  "lip id" is  often app lied  to those n a tu ra l p roducts which have 
in  com m on:
a )  inso lub ility  in w ate r
b) so lub ility  in non-po lar organic so lv e n ts , and
c) contain  long chain hydrocarbon g ro u p s .
F at soluble v itam ins, carotenoids and  s te ro ls  a r e  a lso  included in th is te rm  
b ecau se  of th e ir  p ro p e rtie s  and a sso c ia tio n  w ith b io log ical m em branes .
Lipids containing phosphorus, a s  phosphoric and alkylphosphonic acid 
d e r iv a tiv e s , fatty ac ids, g lycero l o r  sphingosine and u sually  one of the 
following w ate r-so lu b le  constituen ts -  choline, ethanolam ine, se rin e  o r  inosito l 
- a r e  found in varying am ounts in liv ing  o rgan ism s. Phosphorus-contain ing  
lip id s  o r  phospholipids, constitu te th e  m ajo r building b locks of a ll c e llu la r  and 
su b c e llu la r  m em branes.
1-A CARDIOLIPINS
l-A -1  DISCOVERY OF CARDIOLIPINS
W asserm ann et_al1 in 1906 d em o n stra ted  the p re se n c e  of specific
an tibodies in  the s e ra  of syphilitic patien ts by using, a s  antigen, a sa line  o r
alcoholic ex tra c t from  the spleen o f  a syphilitic fe tu s. L a te r  it w as found that
e x tra c ts  from  norm al tis su e s  contained  the sam e specific  antigen and would
se rv e  a s  w ell in reacting  with the syph ilitic  induced an tibod ies in the p resen ce  
2
of com plem ent . In 1942, Mary C . Pangborn iso lated  fro m  b ee f-h e art, and
p a r tia lly  purified by a com plex so lv en t fractionation  schem e, the active antigenic,
n itro g e n -fre e , ac id ic phospholipid and named it c a rd io lip in , a f te r  its  so u rce  of 
3
o rig in  . T h is w as a rem arkab le  ach ievem ent fo r those d ay s because th e re  w ere  
d ifficu lties  in detection  and iso la tio n  by c la ss ic a l solveat_Cractionation of 
phospholipids lacking c h a ra c te r is t ic  substituen t g roups and p resen t g en e ra lly  in 
m in o r proportions. The iso lation  of card io lip in  (CL) w as fac ilita ted  by the use 
of its  se ro log ica l activ ity  as  an an a ly tica l tool.
21-A -2 ISOLATION AND PURIFICATION O F CARDIOLIPINS
Since the in itia l d isco v ery  of CL, a m ethod fo r i ts  p re p a ra tio n  w ith in
c e r ta in  lim its  of purity  h a s  been p re sc rib e d , involving repea ted  p re c ip ita tio n s
4
of the b a riu m , sodium and calcium  sa lts  . A b a r  to fu rth e r  w ork, e sp e c ia lly  
the s tru c tu ra l  elucidation  of CL, w as the d ifficu lty  of pu rifica tion  by the 
m ethod d esc rib ed  fo r i ts  p rep a ra tio n  as  a  se ro lo g ica l reag en t.
P rev ious w ork (fo r a review  see  re f. 5) es tab lish ed  tha t ad so rp tio n  
colum n chrom atography  on s ilic ic  acid can  be used to  f ra c tio n a te  lip id s  in to  
c la s s e s  ("n eu tra l” lip ids and phospholipids). McKibbin and T a y lo r6 and G ray  
and M acfarlane^  w ere the f ir s t  to iso la te  and purify  CL by s il ic ic  acid  colum n
chrom atography . Since then, CL h as  been iso la ted  la rg e ly  by th is  technique
hav 
.11
8 9 10C ellu lose , hydroxylapatite  , and alum ina colum n chrom atography  e  a lso
been used, a s  well as  com binations of D E A E -cellu lose and s ilic ic  acid
12Sephadex LH-20 followed by b ica rb o n a te -tre a te d  s il ic ic  acid , and s il ic a  ge l
13followed by Sephadex LH -20 . D etailed stud ies  of the adso rp tion  colum n
14
chrom atography  of CL on various ad so rb en ts  have been c a r r ie d  out .
1-A-3 CHROMATOGRAPHIC BEHAVIOUR OF CARDIOLIPINS
I) ON SILICIC ACID
a )  Column C hrom atography
It ap p ears  that ac id ic  phospholipids undergo u n sa tis fac to ry  c h ro m a to ­
g rap h ic  fractionation  com pared  with n eu tra l phospholip ids. E lution of ac id ic  
phospholipids often o c c u rs  over a b road  in te rv a l of the elu tion  schem e, 
overlapp ing  the neu tra l phospholipids. F u rth e rm o re , it se em s a s  if th e ir  
elu tion  is  sub ject to uncontrolled  v ariab ility , a s  conflicting  d a ta  have ap p eared . 
Thus, d iffe ren t la b o ra to r ie s6’ 7’ 15 found that C L is  elu ted  f a s te r  than o th e r  
phospholipids with so lven ts of low approx im ate d ie le c tr ic  constant* (ADC), 
e .g .  CHCl3/MeOH 9 8 / 2  to 9 0 / 1 0  A D C = 7 .5 . R ose16, on the o th e r  hand.
* A ssum ing  that the d ie le c tr ic  constan t of a m ix tu re  of two o r  m ore  so lv en ts  is 
d ire c tly  p roportional to  the concen tra tion  of the individual so lven ts, ADC can be 
ca lcu la ted  a s  follows: ADC = [E(% so lven t^)E 1 + . . .  + (% so lven tx )Ex ] /1  (X), 
w here  Ey is  the d ie le c tr ic  constant of solvent x.
W. E. M oore, J. A m er. Pharm . A s s , , Sci. E d. , 1958, 47, 855 c ited  by
P. Rohdewald and M. M bldner, J. Phys, Chem . , 1973, 77, 373.
3rep o rted  that CL is  e lu ted  w ith so lven ts of h igher ADC, e .g .  CHCl^/MeOH 
60/40, ADC -  15. 8.
The d iv e rs ity  o f re su lts  is  due to two fac to rs :
i)  the so u rce  and p re - tre a tm e n t of the adsorbent
ii)  the so u rce  and p re - tre a tm e n t of the lipid e x tra c ts .
F o r a given ad so rb en t it w as found that m ost of the ca lc iu m  sa lt of C L  is  eluted
w ith the le s s  p o la r  so lven t system , while m ost of the sodium  sa lt of C L  is eluted
w ith the m ore p o la r  o n e 17. The sam e observation  w as rep o rted  for barium  and 
18sodium  CL re sp e c tiv e ly  . The explanation offered w a s  that the kind of bound
cations on C L  a re  probab ly  not a p rim a ry  fac to r d e te rm in in g  its  elution
behaviour, but r a th e r ,  they cause  a secondary  effect, th is  effect being the
17 19fo rm ation  and re la tiv e  s tab ility  of m ice lles  ’ . H ow ever, th is  view is
in c o rre c t (see below).
18De H aas e t a l  rep o rted  that p a rt of sodium b u t not barium  C L was
converted  to  its  f re e  ac id  form  due to ion exchange d u r in g  s ilic ic  acid adsorp tion
colum n ch rom atog raphy .
20N ielsen  obtained good evidence concerning ion exchange between ca tions 
of the ac id ic  phospholip ids and those of the ad so rb en t. The com position of m etal 
ions bound to  the d if fe re n t phospholipid frac tions w as qu ite  d istinc t and seem ed 
to depend on the sequence of elution of phospholipids. Thus, in the c a se  of CL
|  |  |  -f- +
w hich is  e lu ted  f i r s t ,  the com position w as Ca 80%, Mg 15% and Na 5%,
w hilst fo r phosphatidy l inosito l (PI), which is  eluted th ird , the cation com position
w as Ca4*  40%, Mg4-4 10% and Na+ 50%. A pparen tly  th e re  is  a trend  whereby
the phospholipids th a t a re  eluted f ir s t  a re  obtained in  com bination w ith divalent
in p re fe ren c e  to m onovalent ca tions, w hereas those w hich a re  eluted in a la te r
stage of the ch rom atog raphy  contain a re la tiv e ly  in c re a se d  am ount of m onovalent Na+.
The reaso n  fo r th is  se lec tiv ity  may be a h igher affin ity  of the acid ic phospholipids
fo r  d ivalen t than fo r  m onovalent cations along with only a lim ited am ount of
d ivalen t ca tions being  access ib le  to the phospholipids during  the chrom atography .
T hus, the phospholip ids eluted f i r s t  from  the colum n w ill p re fe ren tia lly  bind
divalen t ca tions and g radually  "deplete" the column o f these ions; those  eluted in
20a la te r  stage w ill becom e enriched  in monovalent ca tio n s  . Though the am ount
+ | t | -f
of Na , Mg and Ca p rese n t in the adsorbent is  in  ex cess  of the am ounts of 
these  ions tr a n s fe r r e d  to the phospholipids by ion-exchange during  chrom atography ,
the re su lt in g  m ix tu re  of ca tio n s can  be explained by invoking:
i) lim ited  a c ce ss ib ility  of these  ions to  phospholipid
ii)  k in e tic s  of exchange, and
ii i) incom plete equ ilib ra tio n  betw een exchanger and su b s tra te .
The elution p ro file s  of phospholipids on s il ic ic  acid  m ay be influenced
21
by se v e ra l fa c to rs  o the r than the m eta l ion content o f the adso rben t , e. g.
a )  the  load of phospholipids p e r  g ra m  of adsorben t
b) d im en sio n s of the colum n
c) vo lum es of elu ting  so lven t sy s tem s
d) flow ra te
e )  d eg re e  of inactivation  of the adso rben t
f) te m p e ra tu re , and
g ) in  the ca se  of ac id ic phospholip ids, the m etal s a l t  fo rm  applied onto the 
colum n.
C L  applied a s  its  sodium  sa lt onto d iffe ren t n o n -tre a ted  ad so rb en ts  is
e lu ted  over a wide range of so lven t ADC and th e re  a r e  d is tin c t d iffe ren ces betw een
th e ir  elu tion  p ro file s . When it is  applied on a d so rb e n ts  p re - tre a te d  with 0. 1 N
HC1, it is  again eluted o v er a w ide range of solvent ADC, but th e re  a re  no
d iffe ren ce s  between th e ir  elu tion  p ro file s . The s tre tc h in g  of the elution is  due to
the  d ivalen t cation  content of the adso rben t, which by ion exchange converts
sodium  CL to its  d ivalen t sa lt fo rm , which has a h ig h e r ch rom atograph ic  m obility
than  the m onovalent sa lt fo rm . A ccordingly, the h ig h e r the d ivalen t cation
con ten t of the adso rben t, the g r e a te r  w ill be the p ropo rtion  of the applied sodium
C L  read ily  elu ted . A dsorben ts freed  from  ac c e ss ib le  m etal ions (p a rticu la rly
21
d iv a len t)  cause  low ca tion  exchange w ith sodium  C L  .
CL applied a s  i ts  m agnesium  sa lt onto d iffe ren t ad so rb en ts  with o r
w ithout p re - tre a tm e n t w ith  0 .1  N HC1 gave iden tical elution p ro file s . The elution
o c c u rre d  very  sharp ly  and v ir tu a lly  com pletely  w ith so lvents of low ADC, though
l | 2 \
sm a ll sc a le  ion exchange with Ca of the ad so rb en ts  took place . The sam e
behav iou r of m agnesium  and ca lc ium  CL w as rep o rted  by Shimojo and his
1 7 1 9  18co w o rk ers  ’ and fo r  b a riu m  C L  by de Haas e t a l . In the la t te r  ca se  no
| | j g
exchange of Bo w w ith o th e r  d iva len t ions w as observed  .
T hus, it can be concluded that an adso rben t does not influence the elu tion  
p ro file  of CL when it is  applied  in a d ivalent sa lt fo rm .
5b) Thin L ayer C hrom atography
Used a s  a c r ite r io n  of purity  (thin la y e r  chrom atography, TLC) and a s  
a m eans of iso la tion  of sm a ll am ounts of lip id s  (thick la y e r  chrom atography), 
s il ic a  gel can g ive m islead ing  re su lts ,  e sp e c ia lly  fo r ac id ic  phospholipids, 
depending on the
i)  sa lt fo rm  of the applied phospholipid
ii)  p resence  o r  not of b inder
iii)  developing solvent sy stem  used.
22N ielsen studied the ch ro m a to g rap h ic  m obility , ion exchange and th e  
effect of b inder w ith d iffe ren t m etal s a l ts  of CL using ac id ic , neu tra l and b a s ic  
developing solvent sy s tem s. The p ra c tic a l r e su lt  from  th is  in te restin g  p a p e r  is 
that by using b as ic  so lven ts m ost of the p ro b lem s a sso c ia ted  with identify ing an 
ac id ic  phospholipid and es tab lish ing  i ts  p u r ity  can be avoided.
It should be m entioned that even w ith  bas ic  developing solvent s y s te m s
differen tia tion  of C L m olecu les can be ach ieved  on the b as is  of the s a tu ra te d /
, . . 15,16,23,
unsa tu ra ted  ra tio , unsa tu ra ted  sp e c ie s  trav e llin g  f a s te r  than sa tu ra ted  ones
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II) ON CELLULOSE POWDER 
8 19Shimojo e t a l ’ found that C L  in the fo rm  of a  m ix tu re  of m etal s a l t s  is 
elu ted  in two po rtions from  ce llu lo se  pow der colum ns. The f i r s t  is eluted w ith  low 
and the second portion  w ith h igher ADC so lven t sy s tem s. The sam e in v e s tig a to rs  
a lso  dem onstra ted  that ca lc ium  C L h a s  a d iffe ren t elution pa tte rn  from  sod ium  CL; 
the fo rm er is  elu ted  sh a rp ly  with low ADC, w h ereas the la t te r  is  eluted o v e r  a 
wide range of so lvent ADC. They exp lained  th e ir  findings, probably assu m in g  
that ce llu lose  is  an in e rt support, by invoking m ic e lla r  form ation and s ta b ili ty . 
T heir explanation is  likely  to  be in c o rre c t because ce llu lo se  is  an ad so rp tiv e
and partition ing  m edium  and has ion exchange p ro p e r tie s  (exchange cap ac ity
24c a . 0 .005 to 0. 064 m illiequ ivalen ts p e r  g ra m  ), th is  capacity  exceeding the
25equivalents of CL applied . It was a lso  show n that sodium CL in benzene fo rm s
m ice lles  consisting  of 8 m onom ers, w hile  in m ethanol it is m onom eric. So in the
8 19CHClg-MeOH m ix tu re s  that Shimojo e t  a l ’ used sodium C L is probably 
m onom eric and not in a m ic e lla r  fo rm . A ctually, ce llu lose  colum ns a re  not 
recom m ended fo r rou tine  use in lipid s e p a ra tio n 11.
i
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61-A-4 OCCURRENCE AND DISTRIBUTION O F CARDIOLIPINS
C L has been iden tified  in m any m am m alian  t is su e s  w h ere  it is  
c h a ra c te r is tic a lly  p re s e n t  a s  unsa tu ra ted  m o lecu les , constitu ting  g en e ra lly  
2 - 10% of the to ta l phospholipid. M am m alian t is su e s  w here  C L has been 
identified and quantified  a re :  b ra in , h e a r t, liv e r , kidney, sp leen , lung, skeleton
m uscle, p e rip h e ra l n e rv e , thym us, a d re n a ls , in te stin a l m ucosa, co rpus luteum , 
26aao rta  . It w as not found in e ry th ro cy te s , hum an p la te le ts , skin, p an c reas , 
thyroid and p itu ita ry  g la n d s2 *^3 , but it is  p re se n t in m am m ary  t is s u e s 22. When
d iffe ren t human o rg an s  w ere  com pared the g re a te s t  re la tiv e  am ount of C L w as
28 29 30found in h ea rt and sk e le ta l m uscle , C L a lso  o cc u rs  in fish  , in v e rte b ra te s  ,
plants and a lgae2^ ,  y e a s ts '^ .  G ram  positive b ac te ria , e .g .  S taphylococcus
32 33au reu s , G ram  n eg a tiv e  b ac te ria , e .g .  H aem ophilus para in fluenzae .
CL, c h a ra c te r is tic a lly , is  a s so c ia te d  w ith su b c e llu la r  m em braneous
p a r tic le s  d isp lay ing  h igh  m etabolic ac tiv ity , e sp ec ia lly  the m itochondria of
anim al tis su es , p lan ts  and y e a s ts , and is  sc a rc e ly  de tec tab le  in m ic ro so m es  and
nuclei
26a, 26b, 31 ,34 Some varia tion  from  organ  to organ is  indicated, since
h ea rt m ic rosom es a p p e a r  to contain a  sm a ll am ount of C L  w hile it a p p e a rs  to be
, . 3 4 ,3 5 ,3 6en tire ly  absen t from  liv e r  m ic ro so m es
1-A-5 CHANGES IN DISTRIBUTION OF CARDIOLIPINS
In norm al c e l ls  th e re  is  a co m p artm en ta liza tio n  in  d iffe ren t phospholipid 
d is trib u tio n s. CL is  p ra c tic a lly  absen t from  m ic ro so m es , absen t from  the inner 
m em brane of nucle i, p re se n t in co n s id erab le  quan titie s in m itochondria, in sm all 
am ounts in p lasm a m em b ran e  and is  m ost probably  p re se n t in the ou te r m em brane 
of nuclei; sphingom yelin is p re se n t in m ic ro so m es  but not in pu re  m itochondria;
PI is m ainly localized  in m ic ro so m es and only very  little  o f it is  p rese n t in 
m itochondria.
37In 1968 B ergelson  e t a l rep o rted  th a t the phospholipid p a tte rn s  of
su b c illu la r  fra c tio n s  from  hepatom a c e lls  d if fe r  from  those  of no rm al l iv e r  ce lls ,
and resem ble  the phospholipid com position  of the whole tis su e . This phenomenon,
"chem ica l d e -d iffe ren tia tio n " , w as found to  apply to m ic ro so m es , m itochondria
nuclei, p lasm a m e m b ran es  of a num ber of d iffe ren t ca rc inogen ic  tum ours 
38(hepatom as m ain ly) .. Of p a r tic u la r  in te re s t is  the finding that hepatom al 
m ic ro so m es a re  r ic h  in  CL and th e ir  m itochondria  contain  sign ifican t am ounts
of sphingom yelin and PI. The re la tiv e  content of C L in p lasm a m e m b ra n e s  w as
2 - 3  tim es  h ig h e r than no rm al, and nuclei contained app rec iab le  am oun ts of
CL and sphingom yelin. The sam e d is trib u tio n  pa tte rn  fo r CL w as found in Jensen
sa rc o m a su b c e llu la r  p a r tic le s , and it a p p e a rs  that the " chem ical d e -d iffe ren tia tio n "
of the c e llu la r  m em b ran es is  a m ore g en e ra l phenom enon and is  p o ssib ly  an
38 39im portan t fa c to r  in tum our growth . R ecent s tud ies  showed tha t the " chem ical 
d e -d iffe re n tia tio n ” of c e ll  m em branes depends strongly  on the m alignancy  of the 
tum our. T hat the CL found in m ic rosom es in hepatom as and Jensen  sa rc o m a  is 
s im ila r  to  th a t found in  m itochondria has been es tab lish ed . The on ly  d iffe rence  
found w as th a t CL from  m itochondria had d iffe ren t cation  content (not 
d e term ined )^  .
A com para tive  study of phospholipid com position between w hole ra t kidney
41
and whole r a t  nephrom a showed that C L and PI levels w ere  som ew hat changed .
The su b c e llu la r  d is trib u tio n  of phospholipids in nephrom as has no t been 
published yet.
An in c re ase  in C L  content in m ic ro so m es from  M o rris  hepatom a w as a lso  
found by o th e r  in v e s t ig a to r s ^ .
1-A -6 TOPOLOGY OF CARDIOLIPINS
C L in norm al m am m alian  c e lls  is  p r im a rily  localized  in the  m itochondria. 
In 1968 it w as d isco v ered  that it is  m ostly  p re se n t in the inner m itochondria l
43
m em brane of ra t l iv e r  w ith very  sm a ll am ounts found in the o u te r  m em brane ,
44, 45
and th is  obse rva tion  h a s  been verified  by o th e rs  fo r ra t  liv e r  ’ and 
46cau liflow er. C L has been detected in the ou te r, but not in the in n e r, nuclear
47m em brane from  n o rm al ra t liv e r .
U sing the an ti-ca rd io lip in  antibody (W asserm ann antibody, see  below)
it is  p ossib le  to probe even the o rien ta tion  of C L in the subm itochondria l
m em b ran es . This d e ta il can be of im portance a s  reg a rd  the function  of CL in
m itochondria . U nfortunately, the re p o r ts  a r e  conflicting: L eh n in g er’s group
concluded that the p o la r  group of m ost of the C L m olecu les in the inner and ou ter
subm itochondria l m em branes a re  buried  w ithin the s tru c tu re  of the m em brane o r
45 48 49shielded by binding to  o th e r m em brane com ponents , w hereas S chiefer 
o b se rv e s  that the p o la r  group is, a t le a s t p a rtia lly , located a t the  inner and 
ou te r m itochondrial m em brane su rface , and is  fre e  to bind the antibody.
C L  is  asso c ia ted  with the cy to p lasm ic  m em brane in p ro k ary o tic  m ic ro -
32 50 51o rg an ism s lik e  Staphylococcus a u re u s  , E. co li , M ycobacterium  phlei .
F o r H aem ophilus parainfluenzae heterogene ity  in the localization  of CL in the
52
cytop lasm ic m em brane has been d em o n stra ted
1-A -7 FATTY ACID COMPOSITION O F  CARDIOLIPINS
G ray and M acfarlane^ w ere  the  f i r s t  to apply GLC fo r  the e s tim a tio n  of
the fatty ac id  com position of CL and to  suggest that CL is  not a sing le m olecule
but a fam ily  of m olecules having in com m on only g lycero l and phosphate
groupings. F o r  b ee f-h e a rt CL they found oleic 12% and linoleic 80%.
A nalyses of sam p les of CL fro m  d iffe ren t o rgans of d iffe ren t m am m als
indicated th a t typical CL in m am m alian  t is su e s  is unsa tu ra ted  with a high
proportion  of linoleic acid (60-80%) and oleic ac id  ( 10- 20%), though o ther ac id s,
such a s  p a lm itic  and s te a r ic , w ere  d e tec ted . The percen tage of to ta l fatty ac ids
of CL w hich w ere  unsa tu ra ted  w as h ig h e s t in liv e r, h ea rt, kidney and spleen
(linoleic a c id  predom inates), while the percen tage of to ta l fatty ac id s  of CL
which w ere  sa tu ra te d  w as h ighest in te s t is ,  lung (palm itic acid predom inates),
53b ra in , sk e le ta l m uscle (s tea ric  acid  p red o m in a te s)  fo r ra t  . The fatty  acid
4 4
com position  in the inner m itochondria l m em b ran e-lo ca lized  CL w as determ ined
G re a te r  d iv e rs ity  in the p e rcen tag e , ra th e r  than in the kind of fatty  ac id s
in CL of p lan t o rig in  w as found. T hus, fo r whole tis su e s  palm itic  acid  ranged
between 10-34%, s te a r ic  1-14%, o le ic  5-15%, lino leic 20-60% and C .  „ fatty 
26b io.»5
ac id (s) fro m  0-57% . Though no study of the fatty acid com position  of plant
CL in o rg an e lle s  o r  subm itochondria l m em branes has been published, M oreau 
46et al have noticed that the o u te r h a s  a very  d iffe ren t fatty acid com position
from  the in n e r  m itochondrial m em brane  for the to ta l phospholipids. The yeast
Candida tro p ic a lis , grown on hexanes, contained CL which had ca . 50% of oleic
54
plus lin o le ic  ac id s  and 35% of the odd fatty  ac id s  C ^ ,^  and C ^ ^  •
Of in te re s t is  the d iffe rence in unsa tu ra tion  shown in the ex trem e  between 
the wholly unsatu rated  m am m alian C L , with a  high content of the "e sse n tia l"  
linoleic ac id , and the sa tu ra ted  CL found in som e b a c te ria . If som e m etabolic 
function of m am m alian  CL re q u ire s  linoleic acid , th is  function is apparen tly  not 
req u ired  in b a c te r ia ^ .  CL from  M ycobacterium  tu b e rcu lo sis  con tains equal 
am ounts of oleic and palm itic  a c id s '^ ,  while m y ris tic  and palm itic  acids
9accounted  fo r  85% of to ta l fatty  a c id s  in C L fro m  M ycoplasm a la id law ii .
T ra c e s  of u n sa tu ra ted  and m o stly  palm itic  (30%) and iso p a lm itic  (14-m ethy l-
pen tadecanoic ac id ) (30%) w as found in C L  fro m  N ocardia c o e lia c a . This
com position  is very  c h a ra c te r is t ic  because the m ost com m only o cc u rrin g  iso -
and a n te iso -fa tty  ac id s  in G ram  positive b a c te r ia  a re  12- and 1 3 -m e th y lte tra -  
58decano ic a c id s  . S taphylococcus a u re u s , g row n on n o rm al m edium , had CL
w ith w holly sa tu ra te d  fatty  a c id s  of which 45% w ere  branched , but when grow n on
5910% NaCl the branched  fatty  a c id s  went up to  77% . 50% palm itic  acid  w as found 
in C L  from  E. c o li^ ,  w hile O verath  and T ro u b le   ^ rep o rted  15% p a lm itic  and 
70% e la id ic  ac id s  in CL from  E. coli of a  d iffe ren t s tra in . The m o d era te ly
57
H alophilic h a lo to le ran t b a c te riu m  had C L  w ith  30% palm itic  and 60% C
cyclopropane containing fatty  ac id 62
19
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1-A -8 CHANGES IN FATTY ACID COMPOSITION OF CARDIO LIPINS
a )  E ffect of Age
63, Bruce found that in C L  from  sk e le ta l m usc le  the re la tiv e  am ount of
lino le ic  ac id  in c re ase d  c o n s id e rab ly  during  the p ren a ta l period  (40%) and rea c h e d
m axim um  values (90%) du rin g  the  f ir s t  two m onths a f te r  b ir th . C hanges have
60been ob se rv ed  in the fatty  ac id  com position  of C L in E. coli du rin g  grow th .
b ) E ffect of M alignancy
H epatom al C L  d iffe rs  fro m  norm al l iv e r  C L in having a low er lino le ic ,
64but a  h ig h e r o le ic  and p a lm itic , acid content . No d iffe ren ces  w ere  found in 
C L  fro m  Jensen  sa rco m a, o le ic  and lino le ic  being the m ost abundant fatty  ac id s  
No pronounced d iffe ren ce s  w e re  observed  in  fa tty  acid  content fo r  C L  from  
n e p h ro m a ^ .
c )  E ffect of Diet
B iran  e t a l studied the fatty  acid com position  in C L  from  b ra in , h e a r t,
kidney, l iv e r  and in testine  of r a t s  defic ien t in e s se n tia l fatty  a c id s . A r is e  in
p a lm itic , o le ic  and C^q.^ couPle^ w ith a co rresp o n d in g  fa ll o f lino le ic  ac id  w as
detec ted , but the ra tio  of sa tu ra te d /u n sa tu ra te d  rem ained  n ea rly  constan t. R a ts
supplem ented w ith linseed o il had C L w ith C„_ , .  S im ila r r e s u l ts  w ere  ob ta ined  
67fo r r a t  l iv e r  C L . H eart C L  from  r a ts  kept on a d ie t with v a rio u s  am ounts of 
e ru c ic  ac id  ( C ^ .  f )  showed a d e c re a s e  in lino le ic  and strong , p re fe re n tia l 
Inco rp o ra tio n  of e ru c ic  acid  .
n
10
d) Effect of R e stra in t
F o u r m inu tes of fo rc ed  re s tra in t a r e  enough to  low er ra t  h e a r t CL by 75% 
and to v irtu a lly  vanish lin o le ic  acid, w hile the o th e r fa tty  ac ids w ere  not 
sign ifican tly  affected . R e s tra in t (24 h) followed by r e s t  (72 - 96 h) re s to re d  C L
and lino leic acid to n o rm al values, but a f te r  96 h r e s t  both w ere  h ig h e r than 
.69no rm al .
1-A -9 THE STRUCTURE O F  CARDIOLIPINS
P a n g b o m ^  sug g ested  that the s tru c tu re  of C L  fro m  b e e f-h e a r t in b es t 
acco rdance with an a ly tica l re su lts  w as:
RCO O- 
RCOO —
° > x OH
‘O -Ç -O - 1
O ^O H
OCOR 
(-OCOR f-OCOR
o - p - o
c f o H
w ith one o le ic  and five lin o le ic  acid re s id u e s . T hus, th e  g ly c e ro l/p h o sp h o ru s /
fatty  acid ra tio  w as 4 : 3 : 6 .  A ra tio  3 : 2 : 4  fo r  b e e f -h e a r t  CL w as la te r
deduced by F aure  and M o re le c -C o u lo n ^ . As w as no ted  e a r l ie r ,  the pu rity  of
C L w as questionable and s tud ies  tow ards s tru c tu ra l elucida tion  w ere  d ifficu lt.
With the advent of s il ic ic  ac id  column ch rom atog raphy  and its app lication  to 
7 72b e e f-h e a r t CL ’ , a  r a t io  3 : 2 : 4  w as repo rted  a lo n g  with the idea  that CL
is  a fam ily  ra th e r  than a  sing le compound. The g e n e ra l  s tru c tu re  II w as proposed:
0 « OH
RCOO
Rboo
-1 r O — P —O-i
- -OH
-O -P -O -
^ S'OH
OCOR
OCOR
II
° W 0H
r O - P - O
hOH
‘- 0 - P - 0 J
Or OH
III
I
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1 2  3So, b e e f -h e a r t C L had a  GPGPG skele ton  III and R, R , R , R could  be s im ila r
73o r  d is s im ila r .  The sam e skeleton  III w as found fo r  C L of p lant o rig in  .
The s tru c tu ra l  elucida tion  of C L  consisted  of the following s te p s :
a )  ch em ica l a n a ly se s  of in tac t CL,
b ) e s tab lish m e n t of the  ra tio  g ly c e ro l/p h o sp h o ru s /fa tty  ac ids,
c )  ch em ica l a n a ly s is  of p roducts fro m  m ild a lk a lin e  hydro lysis  (it w as 
a ssu m ed  tha t the fatty  acid  e s te r  bonds w ere  f a r  m ore  lab ile  than  the phosphate 
d ie s te r s ) .
d )  ox idative d eg rad a tio n  of the d e -a cy la ted  backbone, and
e )  iden tifica tion  and quan tification  of the p ro d u cts  of m ild acid h y d ro ly s is .
A ll th e se  s te p s , in th eo ry , should d is tin g u ish  betw een  s tru c tu re s  I and II, but 
in  p ra c tic e , th e re  a r e  u n c e rta in tie s  and d ifficu lties  regard ing  the ana ly tica l 
m ethods used and the  iso la tion  of the fragm en ts o f hyd ro ly ses , re sp e c tiv e ly .
(See, fo r  exam ple , fo r  g ly c e ro l d e te rm in a tio n  - r e f .  14, fo r p e rio d a te  oxidation
- r e f .  7, and fo r  m ild  a lka line  h y d ro ly s is  -  r e f s .  15, 18). With ac id , the k ine tics
of h y d ro ly s is  a r e  c le a r ly  com plex^. The co u rse  of degradation  of C L  in acid
.d ep en d s  upon the m edium  em ployed . It w as stud ied  in d e ta il by F au re  and h e r  
74 ,75co lleagues , who in te rp re te d  th e ir  re s u lts  on the b a s is  of s tru c tu re  II
76(S e e p a g e  10 ). T he d ig ly c e rid e s  produced on ac id  h yd ro ly sis  w e re  found to
belong  to the n a tu ra l D s e r ie s  ( i .e .  1, 2 -d ia c y l-sn -g ly c e ro l) . T he p re se n ce  of a
77f re e  hydroxyl g ro u p  w as es tab lish ed  by ace ty la tio n  and the asy m m e try  of the
77GPGPG ske le ton  w as fixed when it w as found to be la ev o ro ta to ry  . Proof of the
73sk e le to n  III fo r  C L  has been a ttem p ted  by sy n th e s is  . T h is sy n th esis  had two 
d raw backs:
a )  it gave ra c e m ic  product,
b )  an iso m e r  IV of III could have a r is e n  and the ch ro m ato g rap h ic  technique 
used probab ly  could not s e p a ra te  them .
HO
HOH
i-OH
j- O —P —O-i
o ' b H
O - P - C
O ^bH
IV
■OH
•OH
GPGPG h as  been syn thesized  in its  optically  ac tiv e  form  V and found to  be 
78la ev o ro ta to ry  .
T hat C L from  b e e f-h e a rt and M ycobacterium  phlei has the 1, 3- 
diphosphatidyl g ly c e ro l s tru c tu re  (DPG),X,and i ts  o vera ll configuration w as
and p repared  fo r  com parison g ly c e ro l-1 ,3-d iphosphate VII and its  iso m e r
g ly c e ro l- 1, 2-d iphosphate (d istinguishable by p ap e r chrom atography).
F inal p roo f fo r the s tru c tu ra l identity  of b ee f-h e a rt CL with the 1 ,3 -
18
diphosphatidyl g ly cero l s tru c tu re  X w as given by de Haas e t al , who, com p arin g  
its  behaviour on TLC, s il ica  ge l im pregnated  paper, m ild alkaline h y d ro ly sis , 
acylation, and tow ards phospholipase A - and C trea tm e n t with chem ically
^ O A O
phosphatidyl g lycerophosphate XI (R = C ^ H ^ g , = C ^ H ^ )  found that C L 
behaves in exac tly  the sam e m anner a s  X.
♦  /V
f irm ly  es tab lish ed  by the w ork of LeCocq and Ballou who degraded CL:
O
II .OH
OH IO4C L V
O
VI VII
* 3 1 2
synthesized 1, 3-diphosphatidyl g ly cero l (X, R = R = C H ,, ,  R = R  = C _H ,_), 
a o 17 oD 17 oo
the analog VIII (R = C ^ H jy ,  R = R = C ^ H ^ ,  R = R2 = C ^ H ^ ) ,  th e  b is-  
phosphatidic ac id  IX (R = R3 = C ^ H ^ ,  R 1 = C ^ H ^ ,  R2 = C ^ H ^ J a n d
° * P H
r O - P - C K
hOCOR4 UoCOR2 VIII
O—P —o J L OCOR 3
12
HCH 
H O *  H
° * P H
r O - P - 0 - |
o'OH
OH H*iOH 
•OH
T hat CL from  b e e f-h e a r t and M ycobacterium  phlei has  the 1 ,3 -
diphosphatidyl g ly c e ro l s tru c tu re  (DPG),X,and i ts  o v e ra ll configuration  w as
79
firm ly  estab lish ed  by th e  w ork of LeCocq and Ballou who degraded  CL:
5 4 . 0 ,
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and p rep a red  fo r co m p ariso n  g ly c e ro l-1, 3-diphosphate VII and its  iso m er
g ly c e ro l- 1, 2-d iphosphate  (d istinguishable by p ap e r chrom atography).
F inal proof fo r  the s tru c tu ra l  identity  of b e e f-h e a r t C L w ith the 1 ,3 -
18
diphosphatidyl g ly c e ro l s tru c tu re  X w as g iven  by de H aas e t a l , who, com paring
its  behaviour on TLC, s il ic a  g e l im pregnated  paper, m ild a lka line  hyd ro ly sis ,
acylation, and tow ards phospholipase A„ and C trea tm e n t with chem ically
•  3 1 2
synthesized 1 ,3 -d iphosphatidy l g ly cero l (X, R = R = C ^ H ^ ,  R = R = C ^ H ^ ) .  
the analog VIII (R4 = C ^ H ^ .  R = R3 = C ^ H ^ ,  R 1 = R2 = C ^ H ^ ) .  the b is-  
phosphatidic acid IX (R = R3 = C ^ H ^ ,  R 1 = C ^ H ^ .  R2 = C ^ H ^ J a n d  
phosphatidyl g lycerophosphate  XI (R = C ^ H g ,., R 1 = C ^ H ^ )  found that CL 
behaves in exactly  the  sam e m an n er a s  X.
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discussed
3-diphosphatidyl g ly cero l (DPG) o r  1 -11-acy l-2 -acy l-sn -g lycero -3 -phospho ry l)- 
( 1" -a c y l- 2" -a c y l- s n -g ly c e ro -3 -phospho ry l)-g lycero l = X
The b iochem ical and biophysical im plica tions of th is  s tru c tu re  have been
The s tru c tu re  X fo r CL from  brain
w as confirm ed . Courtade e t al a lso  assigned  s tru c tu re  X fo r b e e f-h e a r t CL, 
but they proposed  a lte rn a tiv e  s tru c tu re s  fo r  CL from  v ario u s  r a t  t is s u e s . L ater 
it w as proved that CL from  ra t tis su e s  h a s  the s tru c tu re  X to o ^ .
Fully es te r if ied  CL, VIII, has been d iscovered  in the y ea s t, Candida 
tro p ic a lis , grown on alkanes^"* and in the m em brane of S trep tococcus fa e c a lis^ .
1 - A - 10 FATTY ACID DISTRIBUTION IN CARDIOLIPINS
The m ajo rity  of phosphoglycerides from  norm al t is su e s  have ce rta in
85p re fe rre d  d is trib u tio n s of fatty ac id s  in th e ir  m olecules :
14
Although the r e v e rs e  d istribu tion  is  very  r a r e ,  lec ith ins f ro m  hepatom a c e lls
64
do have th is  abno rm al re v e rs e  d is trib u tio n  p a tte rn  .
T h ere  a re  re p o r ts  for e s sen tia lly  ran d o m  d is trib u tio n  of fatty  ac id s  in
the C . and C , positions of CL from  beef-heart**^ and ra t  tissues*’'*.
1 __ /  . 87,88 . . 88 . . . . 81 „ .. 23CL from  b ee f-h e a rt , human h e a r t  , bovine b ra in  , r a t  liv e r  ,
64r a t  hepatom as showed som ewhat se le c tiv e  positioning of C „  a t C_, oflo ll  ^
sa tu ra ted  fatty  ac id s  at C , w hereas C _ fa tty  acid w as un iform ly  d is trib u ted
1 lo’.Z
between C and C - with slight p re fe ren c e  f o r  C .I  ^ I
A ra th e r  unusual p a tte rn  of p o sitio n a l d is trib u tio n  of fatty  a c id s  in
b ac te ria l C L w as detected . In Myco b ac te riu m  tu b e rc u lo s is , M. Phlei and
M. bu tyricum  palm itic  w as located a t C„ an d  octadecenoic and tu b e rc u lo s te a r ic  
89 ^ac ids at C^ . C L  from  Streptococcus fa e c a lis  had s h o r te r  chain, m ainly
sa tu ra ted  fatty a c id s  a t C„ and long chain u n sa tu ra ted  and cyc lopropane-
90containing C 19 fa tty  acids at C^ '
1-A-11 METABOLISM OF CARDIOLIPINS
A. BIOSYNTHESIS OF CARDIOLIPINS
T h ere  a r e  th ree  possib le m ech an ism s by which C L  can be syn thesized
. . 91in vivo .
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C L
E xperim en ts  pertin en t to m echanism  (1) tend to  d iscount it .  T h u s, it 
h a s  b een  es tab lish ed  that phosphatidyl g ly cero l (PG), XII, and not phosphatidyl
92
g ly c e ro l phosphate (PGP), XI, is  incorporated  into C L  in r a t  liv e r  m itochondria  .
93M echanism  (2) postu lated  by Kennedy and co w o rk ers  o p e ra te s  in 
92 94 94 95m itochondria  from  r a t  liv e r ’ , b e e f-h e a r t , gu inea-p ig  liv e r  and c e ll- f re e
96 The enzym e CDP-p a r tic u la te  fra c tio n  S accharom yces ce re v is ia e
97d ig ly cerid e : PG phosphatidyl tr a n s fe ra se  which c a ta ly se s  th is  re a c tio n  re q u ire s
94 98 98C D P-diglyceride ’ o r  dC D P-diglyceride and Mg ++ 92, 94, 97, 98
■ QR Oft | i i -t- | | QQ
. T rito n  X-100 , Fe , Cu and Hg w ere  inh ib ito ry , while
-H- 99 97and Ca w e re  rep o rted  to be inhibitory o r  w ithout any effect . So fa r ,
„  , _ . _ o r  Mn
-j—X- fi Qft o-l- -4-0 0-4- 
o r Co
-H- Zn
th e re  is  no explanation  fo r the high percen tage of lino leic  acid found in  m am m alian
CL, e i th e r  on the b a s is  of the observed  in v itro  a c tiv itie s  of C D P -dig lycerides,
99the d io leoy l being a s  good su b s tra te  a s  d ilino leoyl-C D P -dig lyceride , o r  on the 
b a s is  o f the s e le c tiv it ie s  of recen tly  d i s c o v e r e d m i c r o s o m a l  re -a c y la tin g  
enzym e(s) which ca ta ly se (s)  CL fo rm ation  from  d i-( l-a cy l- ly so p h o sp h a tid y l)  
g ly c e ro l XIV:
RCOOn
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W hether m ito ch o n d riap o ssess  the enzym atic  m ach inery  for the de novo syn thesis
98 101of C L  from  sn -g ly ce ro l-3 -p h o sp h a te  XV rem a in s u n ce rta in  ’
XV
-OH
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V
fl!f
/
16
T h e re  Is evidence th a t m echanism  (2) a lso  o p era tes  in the b a c te riu m  E. coli
92, 102
at high C D P-diglyceride concen tra tions
M echanism  (3), an in te rm o lec u la r  enzym atic transphosphatidy la tion , is
, , M t „ „92 , 103, 109 _ 104, 105
a m a jo r  pathway fo r  the b io syn thesis  of CL in E. coll , S. a u re u s  ,
M icrococcus ly so d e ik ticu s106, Bacillus s te a ro th e rm o p h ilu s107  and L actobacillus
p la n ta ru m 108 and se v e ra l m arin e  b a c te ria l iso la te s^ 15. The enzym e ca ta lysing
th is  reac tio n  is m em brane-bound in a ll c a se s  studied, but i ts  re q u ire m e n ts  seem
to vary  from  sp e c ie s  to sp e c ie s . T hus, card io lip in  syn the tase  is  rep o rted  to  be
K+ o r  M g ^  1°5, 106, C D P -d ig lyceride105’ 1° 8, and EDTA108 independent;
it is  stim ula ted  by T riton  X -100106, M g ^  1°8; and it is  inh ib ited  by T r i to n 108,
d e te rg en ts  and o rgan ic  so lv e n ts105, C D P -dig lyceride106 and the  end products
C L 105’ 108 and g ly c e ro l^ 16. It seem s doubtful w hether enzym es which
effic ien tly  hydro lyse  CL, such a s  phospholipase D from  H aem ophilus p a ra -
„  110 , , . . 103influenzae , play a  sign ifican t b iosynthetic ro le
In eukaryo tic  c e lls  CL b io syn thesis  occu rs  in the m itochondrion , and
92 98
fo r r a t  liv e r  the inner m itochondria l m em brane is  the ex c lu siv e  s ite
95L iv e r m ic ro so m es (in the guinea p ig)do not ca ta iyse  CL sy n th e s is  . In b a c te ria , 
C L  b io syn thesis  is  localized  on the cy top lasm ic m em b ran e106.
Nothing is  known about w hat " tu rn s"  the b iosyn thesis o f C L  "o n ” and "off".
99 | | j -j- _f-
It w as suggested that m itochondria l concentra tions of Co , Mn and Mg
| |
re la tiv e  to Ca m ight p a rtia lly  regu la te  the ra te  of CL b io sy n th es is , while 
31aM angnall and G etz proposed that the " trig g e rin g  on" m ight be due to  an in c re a se  
in the m itochondrial c i tra te  concen tra tion  and that the sy n th e s is  is  stopped when 
a c e r ta in  C L /enzym e ra t io  is reach ed .
Since m itochondria  a r e  ab le to syn thesize C L and so m e  m itochondrial 
p ro te in s , the possib ility  can be en terta ined  that CL com bines w ith such p ro te in s  
to  form  lipopro te in  com plexes which may then ac t a s  nuclei o r  m a tr ic e s  for the 
fu rth e r  addition of lip ids and p ro te in s  synthesized e lsew h ere  in the c e l l11' .
B. BIODEGRADATION O F CARDIOUPINS
L ittle  is  known about the degradation  of CL in m am m alian  sy stem s,
112excep t that the GPGPG backbone, V, is  only very  slowly renew ed . Recently, 
it w as com m unicated that the lysosom al fraction  of ra t  l iv e r  con tains acid 
h y d ro la se (s)  w hich can deg rade CL to free  fatty ac ids and w a te r-so lu b le
17
products, g ly c e ro l, inorganic phosphate and glycerophosphory l g ly c e ro l XVI.
HO-i
HO*
r-OH
«OH XVI
O - P - O  
O tDH
No evidence fo r  a phospholipase C o r  D ac tive  against C L was found in 
lysosom es
Rapid degradation  of CL in E. coli w as detected  by K anem asa et al 
and a C L -sp ec if ic  phospholipase D w as d isco v ered  rec e n tly 11'’ w hich sp lits C L 
into PG, XII, and phosphatidic ac id  (PA):
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A C L -sp ec ific  phospholipase D h a s  also  been found in H aem ophilus narainfluenzae 
which h y d ro ly ses  C L into PC and PA1 1^. Indications suggest tha t the enzym e 
o p era tes  in  vivo and the deg rad atio n  is  coupled with a rap id  re sy n th e s is  of C L  
from  the h y d ro ly s is  p ro d u c ts11**.
C. TURNOVER OF CARDIOLIPINS
C L , like o th e r  lip ids, can  have two p a tte rn s  of m etabolism :
a )  de novo syn thesis  and com plete degradation , and
b ) se lec tiv e  rep lacem en t (tu rnover) of p a rts  of the m olecu le.
The second p a tte rn  is m etabo lica lly  m ore econom ical and m o reo v e r, it can
allow the m em brane s tru c tu re  to  change com position in the absence  of net
change in  lip id s. The re la tiv e  im portance of the se lec tive  tu rn o v e r of com ponents
26c
as com pared  with the rep lacem en t of the whole lipid m olecule is unknown
M am m alian  C L has been shown to have very low incorporation  ra te s  fo r 
117its  phosphorus , while the GPGPG backbone has a very  low tu rn o v e r rate
112com pared  to  o th e r phospholipids . In co n tra s t, labelled fatty  ac id s  a re  rap id ly
118 119in co rp o ra ted  into ra t  liv e r  CL ’ . Brain m itochondrial C L  w as d iscovered
120to be unexpectedly  m etabo lica lly  stable . T hese observa tions suggest that.
18
a s  In the c a se  of o the r phospholipids , the c h a ra c te r is t ic  acyl p rofile of 
m am m alian  C L can be produced and m aintained to  a sign ifican t d eg ree  by a 
d e -acy la tion  and re -ac y la tio n  cycle. U nfortunately, lit tle  is known about th is 
cycle. Eichberg^*^* dem onstra ted  the p re se n ce  of a  m ic ro so m al enzym e(s) 
with a c y ltra n s fe ra se  ac tiv ity  capable of converting  lyso -C L , XIV, to m ono-lyso- 
CL, XVII, and then to CL.
^ 9H
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Stearoyl- and o leoyl-coenzym e A w ere  m uch b e t te r  acy l donors than llnoleoyl-
coenzym e A in the in v itro  acy la tion  rea c tio n s , and th is finding cannot explain,
at the m om ent, the wide o cc u rre n ce  of lino leic  ac id  in m am m alian  CL. The
sign ificance of the su b stan tia l m ic rosom al ab ility  to  c a r ry  out these  acy la tions
is unc lea r, g iven  the fact tha t m ic ro so m es a r e  devoid of C L ^ ’ ^  and th is
122
lipid does not m ig ra te  from  m itochondria to m ic ro so m es
In g en e ra l, the ro le  of lipid tu rn o v er in b a c te r ia l physiology has not
been defined. It may be n e c e s sa ry  fo r m em brane grow th and m odification o r
it is coupled to  som e o th e r  v ita l p ro ce ss  in the c e ll. T h ere  a r e  b ac te ria  which
disp lay  m etabo lica lly  ac tiv e  CL and som e which do not. Thus, M ycobacterium
phlei con tains a  very  ac tiv e  CL, and th is is  due to  m em brane-bound acyl
123hyd ro lases  which d e -a cy la te  CL to fre e  fatty  ac id s  and GPGPG, V
52H aem ophilis para in fluenzae a lso  contains an ac tiv e  CL . F or th is  bac terium  
a ca rd io lip in -sp e c ific  phospholipase D h as  been found ^ w h i c h  sp lits  CL 
into PG and PA, and a lso  rap id ly  re sy n th e s iz e s  C L  from  the hydro lysis p roducts. 
In an a ttem p t to  d isc lo se  a possib le function of C L in th is  bacterium , indications 
w ere  obtained that the rap id  syn thesis-b reakdow n of CL was coupled to a vital 
c e llu la r  p ro c e ss , probably a tra n sp o rt one, brought about by changes in the
s tru c tu re  of m olecu les bound o r  coupled to CL In the m em brane 124 The G ram -
positive b ac te riu m  Staphylococcus au re u s  p o s se s se s  C L  with essen tia lly  no
125phosphorus and g lycero l tu rnover a f te r  its  sy n th esis  . No enzym es that
125degrade CL in th is  bac te rium  w ere  found . M icrococcus c e r ific a n s , grown
Enzym e
Because C L  binds re a d ily  to enzym e com ponents of the e lec tro n  tran sp o rt 
chain in m itochondria, it can  se rv e  a s  a b ridge for the  o rien ta tion  of adjacent 
(presum ably  two) p ro te ins in the m ito ch o n d rio n ^ .
128That CL re p re se n ts  a  s to rag e  fo rm  of lipid w as proposed
It w as hinted that the p re se n ce  of C L in m itochondria  may be a factor
129determ in ing  th e ir  low anion p erm eab ility  . C L d o es not function a s  a calcium  
130c a r r i e r
An e ssen tia l ro le  in m ain tenance of m itochondrial m em brane in tegrity
has been suggested since th e  m em brane collapsed a f te r  digestion  of CL with 
131phospholipase A_
on hexadecane contains CL w ith  an ex tre m ely  slow tu rn o v e r  ra te  du rin g  the
grow th phase. However, the non-g row ing  c e lls  showed considerab le  tu rnover
r a te s  fo r phosphorus and g ly c e ro l, while the fatty  acy l m o ie tie s  had even fa s te r  
„ 126tu rn o v e r ra te s
1- A - 12BIOCHEMICAL FUNCTION OF CARDIOLIPINS
In sp ite  of many e f fo r ts  to  c o rre la te  the ex is ten ce  and m etabolism  of CL
to som e functional ro le  fo r th is  phospholipid e i th e r  in m itochondria l o r
p rokaryo tic  m em branes, no conc lu sion  h as  been reach ed  yet. T h e re  a re ,
n ev e rth e le ss , many suggestions in the l i te ra tu re  concern ing  the significance of
CL, a ll com ing a s  ex tra p o la tio n s  from  m odel and in v itro  experim en ts , with
124
the possib le  exception of the w ork  of Ono and White re fe r re d  to e a r l ie r .
127Strickland and Benson w ere  the f i r s t  to suggest a functional ro le  fo r 
m itochondrial CL. They p ro p o sed  that C L  m ay be bonded to  a m em brane enzym e, 
so a s  to a l te r  the la t te r 's  s t r u c tu re  w ith concom itant e ffec t on its  ac tiv ity  an d /o r 
specific ity . A possib le C L -enzym e com plex w as v isua lized  as  shown, involving 
hydrogen and ionic bonds.
20
Because C L  has s tru c tu ra l po lym orphism , Rand e t al specu la te  that 
CL s u p e r- s tru c tu re s  may be the su b stra tu m  fo r  the spacing  of cy toch rom es in 
the in n e r m itochondrial m em brane and a lso  m ay p rovide a m eans fo r a p rotein  
to p en e tra te  the m em brane gaining a c c e s s  to both s id e s .
Evidence that CL is im portan t a s  a s tru c tu ra l com ponent of the r e s p ir ­
a to ry  chain is provided by the finding tha t cytochrom e oxidase has CL tightly 
133bound . F u rth e rm o re , a recen t re p o r t suggests th a t m itochondrial ATPase 
is  spec ifica lly  asso c ia te d  with C L ^ ^ .
1 -A - 13BIOCHEMICAL PROPERTIES O F CARDIOLIPINS
A considerab le  num ber of enzym es and p ro te in s  undergo ac tiva tion  o r
inactivation  and sim ple  binding re sp e c tiv e ly  with CL. In the case  of enzym es
it is not always c le a r  w hether CL p lays a ro le  a s  co fac to r o r su b stra tu m .
The binding of C L to p ro te in s  o r  enzym es which a re  known not to be m em braneous
is of unknown physiological sign ificance.
H isto rica lly , the f i r s t  exam ple of a C L -p ro te in  in te rac tion  is  the
W asserm ann  rea c tio n  (see Section 1-A -1).In the e a r ly  s ix tie s  conclusive evidence
w as f i r s t  p resen ted  that phospholipid is  req u ired  fo r  enzym atic function in
135m itochondria l e le c tro n  tra n sp o rt . T able I p re se n ts  a l i te ra tu re  su rvey  
p ertin en t to the effec t ofCL on v ario u s  enzym es and p ro te in s .
1 -A -14 IMMUNOCHEMISTRY OF CARDIO LIPINS
T hree types of antibody a re  produced in re sp o n se  to infection with 
syph ilis , one of which is  the W asserm ann  antibody o r  reag in  o r  an tisvphitic  
antibody. The W asserm ann antibody r e a c ts  with the "W asserm ann antigen" 
consis ted  of C L (acting a s  hapten), PC and c h o le s te ro l in c e r ta in  p ropo rtions 
in te s ts  co llec tive ly  called  "s tandard  te s ts  fo r syph ilis"  (STS). T h ere  a re  two 
types of STS.
i) F locculation te s ts , which a r e  rap id ly  perfo rm ed  by mixing the p a tien t 's  
inactivated se ru m  with fresh ly  p rep a re d  antigen. Positive s e ra  form  large 
floccu les. T hese  te s ts  include the Kahn, Hinton, P ric e ’s p rec ip ita tion  
reaction  and V enereal D isease R esea rch  L aborato ry  te s t.
Ü) Com plem ent Fixation te s ts , which depend on the ability  of the W asserm ann 
antibody to  fix com plem ent in the p resen ce  of antigen. T hese te s ts  include
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the W asserm ann  (W asserm ann reac tio n ), K olm er, M altaner and th e ir  
m odifications.
Much w ork has been done on s tru c tu re -a c t iv ity  of the W asserm ann 
antigen in th e  STS. Synthetic phosphatidyl cho lines can be used  in place of
154
natu ra l ones, but w ith dim inution of sen sitiv ity  . D i-unsatu ra ted  phosphatidyl
cholines a ffo rd  g re a te r  se n sitiv ity  to  the W asserm ann  antigen than d i-sa tu ra ted  
155ones
B rady and T r a m s n o t e d  th a t the hap ten ic p ro p erty  of C L was 
p a r tic u la rly  in trigu ing  since i t  seem ed to ru le  out the n ec ess ity  fo r the p resen ce  
of ca rb o h y d ra te  resid u e  as  a  portion  of the im m unologically  ac tiv e  m olecule. 
They urged an  exploration  fo r  the hap ten ic d e te rm in a n ts  of CL. System atic 
stud ies rev ea led  tha t in CL:
a) the f re e  hydroxylic group m ust be p resen t,
b) th ree  m ethy lene groups should se p a ra te  the two phosphate groups,
c) the phosphate  g roups should be p re se n t a s  d ie s te r s ,
d) long ch a in  acyl m o ie ties  should be p resen t.
In g en e ra l, i t  can be said  th a t the W asserm ann antibody rec o g n ise s  the p o la r 
158p art of the C L  m olecule . The d eg re e  of un sa tu ra tio n  of the fatty  acid chains
is  ap p a ren tly  not of p rim a ry  im portance fo r se ro lo g ica l ac tiv ity
It i s  not known w h eth er the W asserm ann  antibody is  induced in the host
by an tigens of T reponem a pallidum  o r  by tis su e  hap tens re le a se d  (or ac tiva ted )
during the co u rse  of the in fection . It is co n sid ered  to  be p rin c ip a lly  I g M ^  and
162has been re c e n tly  purified  . T ill recen tly  it w as believed that the W asserm ann
antigen only  has haptenic p r o p e r t i e s ^ .  How ever, the p o ssib ility  of im m unogenic
163p ro p e r tie s  w as shown by Inoue and Nojim a who w ere  ab le  to s tim ula te  the
form ation  of antibody ag a in s t b e e f-h e a rt CL by in jecting  the W asserm ann antigen
and m ethy la ted  BSA (non-m ethylated  BSA had no effec t) into ra b b its . In an 
164investiga tion  of the s tru c tu ra l req u irem en ts  o f the CL m olecule in inducing 
the an ti-c a rd io lip in  antibody of the W asserm ann antibody type, it w as found that 
the po la r p a r t  of the m olecu le c a r r ie s  the im m unogenic p ro p e rty . Analogs and 
d e r iv a tiv e s  of CL such a s  XVIII (R = C ^ H ^ ) ,  XIX (y = 0, R = C ^ H ^ ) .  XIX
15H31) and XX (R = C ^ H ^ )  w ere  able(y = 1, R = C 15H31). XIX (y = 2, R = C
to e lic it antibody fo rm ations with considerab le  s im ila r i t ie s  to W asserm ann
antibody in  rabb its , but c ro s s - r e a c tiv i ty  ex perim en ts  showed no absolute specific ity
164
fo r the e lic itin g  im m unogen
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PA ^®  and PI*®’ w ere  im m unogenic and th e ir  re sp e c tiv e  an tibodies had no
ac tiv ity  ag a in st CL hapten . G u a r n ie r i^ 2, on th e  o ther hand, sta ted  that the
antibody produced in response  to  PI w as ac tive a g a in s t C L hapten.
B ecause the W asserm ann antibody rec o g n ised  the p o la r  p a r t of the CL
m olecu le , it can be a useful tool in  m em brane r e s e a rc h ,  p rovided that its
sp ec ific ity  fo r  CL is  checked and the  binding c h a r a c te r is t ic s  a re  elucidated .
R egard ing  specific ity , the W asserm ann  antibody in te ra c ts  with PA, PG, PGP
and b is-P A , though le ss  s trong ly  than  CL a s  ca n  be judged from  th e ir  r e a c tiv i tie s  
77 157 158 159a s  hap tens ’ ’ ’ F o r  am ino  acid d e r iv a tiv e s  of PG, P i-m onophosphate
and P i-d iphosphate no in fo rm ation  is  av a ilab le . F o r  PI the re p o r ts  a re  conflicting . 
On one hand, high specific ity  of the antibody to w ard s  CL hapten  and not fo r 
PI hap ten  w as observed*®’ On the o ther hand , it w as found that the
167W asserm ann  antibody has a s ign ifican t capac ity  to  in te ra c t not only w ith PI 
but w ith  DNA as well*®®. F a c to rs  tha t m ay re c o n c ile  the opposing re su lts  have 
been discussed*® ^. In view of the in v itro  d em o n stra tio n  of C L  binding to 
m itochondria l p ro te in s  and enzym es it is  in te re s tin g  to know m ore  about the 
s tren g th  of an tibody-C L  binding and w hether the  antibody is  able to rep lace  
bound cy top lasm ic o r  h iito ch o n d ria l p ro te in s  and enzym es. T his point has not
26
been investigated and in  ou r opinion m ay, in p a rt, exp lain  the conflicting  r e s u l ts  
45 48 49obtained ’ ’ concerning the o rien ta tion  of CL in m itochondria l m em b ran es
(see  page 7).
1 -A -15PHYS1CAL PROPERTIES OF CARDIOLIPINS
T able II lis ts  the  c a p illa ry  m elting  po in ts, op tica l ro ta tio n s  and
11 16 17 18 173
so lub ilities of natu ra l and syn thetic  ca rd io lip in s . IR sp e c tra  ’ ’ ’ ’ ,
UV s p e c t r a ^ ’ Raman s p e c t r u m a n d  ^ P  N M R ^ ^  have been published.
217 178C L had a positive Cotton effect , pK. = 1 .0 5  , an aqueous solution, 15 m g /m l,
A 3
had pH = 6. 0 determ ined  c o lo rim e tr ic a lly  w ith b ro m o creso l blue a s  ind icato r ,
3
while ethanolic solution, 14 m g /m l, w as n eu tra l to  phenolophthalein . B eef-heart
187C L takes up ca. 23% 1 ^ 0  by w eight a t full hydration
1-A-16 CHEMICAL PROPERTIES O F CARDIO LIPINS
A. STABILITY
Neat na tu ra l a s  w ell as  syn thetic  ca rd io lip in s  in th e ir  f re e -a c id  fo rm  a re
18highly lab ile , decom posing to  fatty  ac ids and d ig ly cerid es  . U nfortunately,
quantitative data on th is  sub ject a r e  not av a ilab le . An alcoholic solution of
b ee f-h eart acid CL is  a lso  unstab le : rap id  deg radation  occu rs  a t +5°C, in the
dark , du ring  3 w eeks s to rag e  w ith concom itant lo ss  of haptenic activ ity  and a
169drop of the optical ro ta tion  value . Solutions of n a tu ra l C L  in the form  of 
sa lts  a r e  subject to a lte ra tio n s  of two kinds:
a )  degradation  in alcoholic m edia involving loss of fatty  ac id s  to  g ive fatty
77acid e s te r s ,  som e d ig lyceride  and frag m en ts , such a s  XXI, XXII, XXIII .
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TABLE II : SOME PHYSICAL PROPERTIES OF CL
card io lip in sa ltfo rm
c a p illa ry  
m .p .  °C [ „ ] D, c h c i3
so lub ility ref.
b e e f-h e a r t Na 206-8 +5.4° 18
b e e f-h e a r t Na - +7.4° 88
b e e f-h e a r t Na ” “ ^,10 m g /m l EtOH a t 3 -6 ?  not 
very  soluble in  E t20
175
b e e f-h e a r t 7 “ “ insoluble in acetone, so lub le  
in acid ic acetone
16
b e e f-h e a r t Ba - - 6 . 0 18
b e e f-h e a r t Ba - - ~ 3  g / 1 0 0  m l E t2 0 176
b e e f-h e a r t Cd +7. 0?EtOH rea d ily  so lub le: E t2 0 , peth, 
CHCI3 , A cO Et, C6H6 
m odera te ly  soluble: MeOH, 
EtOH;
sligh tly  so lub le: acetone l 3
b e e f-h e a r t Cd - - ~ 3  g / 1 0 0  m l E t20 175
b e e f-h e a r t f re e oil + 5 .8° soluble in ethanol, ace to n e 169
acid and o rgan ic  solvents
b ee f-h e a r t; Na - - soluble in w arm : E t2 0 , C^H^,
hydrogenated peth, A cOEt, MeOH, EtOH, 
n-Butanol
insoluble a t  20°C: the sam e 
solvents;
m odera te ly  soluble a t 20°C: 
CHCI3
^170
b ee f-h e a r t; fre e - - le s s  so luble in MeOH than  in 75
hydrogenated acid EtOH
b ee f-h e a r t; fre e ~76 - 170
hydrogenated
b a c te ria l;
acid
ca ta ly tic  hydrogenation 171
hydrogenated ? - - affected the so lub ility
X, R = R 3 = ’ i Na 202-4 + 5 .8° CHClg a t  le a s t 9 g /1 0 0  m l
c 17h 35 
R1 = R 2 = “ 
C 17H33 „
Ba 194-4 - 6. 2° CHCI3 a t le a s t 6 g /1 0 0  m l
>172
X, rac em ic Na 179.5-184 - T H F ~8 g /1 0 0  ml 173
R = R 1 = 
R2 = R3 =
c 15h 31
X, R = R 1 = Na 90-2 +5. 0 ° CHClo a t le a s t 4 .4  g /1 0 0  ml 174
R2 = R3 = 
c 17h 35
J
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Tl
RCO [o H
l O - P - O j
r-OH
l O J COR
XXII
RCOO-, O -P -  OH
r c o o H h  OH XXIII
L O -P -C Mi—r —
0*b‘
b) oxidation of fatty  ac id  chains, when these  a r e  u n sa tu ra ted . CL, esp ec ia lly
B. HYDROGENATION
C L  of m am m alian  orig in , which is  r ic h  in unsa tu ra ted  fatty  ac id s , is  
d ifficu lt to hydrogenate because the sa tu ra te d  product, being insoluble in the 
so lven ts com monly used , inactivates the c a ta ly s t (P t)by  coating  it. R eaction
co n sid erab le  decom position of CL during a 24 h hydrogenation in CHCl^/M eOH 
1/ 2  v /v .
C. CATION SE LECTIVITY 17
T here  is  a n a tu ra l tendency fo r C L  to  bind c e r ta in  ca tions in p re fe re n c e  
to o th e rs . Thus, fo r  acid CL, the o rd e r  o f se lec tiv ity  fo r  ca tions is  Na »  K,
j j
Ca > Mg and Ca > Mg »  Na »  K. Sodium C L  exchanged with Ca to give 
quantita tively  ca lc ium  CL, but calcium  C L  d o es  not exchange w ith Na+.
D. REACTIONS OF THE HYDROXYLIC GROUP
Com plete acety lation  of b ee f-h e a rt C L  using a g re a t  ex c ess  of ac e tic  
acid and dicyclohexylcarbodiim ide in pyrid ine h a s been ach ieved77. The oleoyl 
e s te r  d eriv a tiv e  w as obtained in the sam e m an n er, but in poor y ie ld 77. R o se 1*5 
w as unable to ace ty la te  ra t liv e r  CL using a c e tic  anhydride in pyrid ine at 37°C
of m am m alian  o rig in , is  very suscep tib le  to  a e r ia l  oxidation
15, 16, 77
p ro ceed s b e tte r  a t 70°C in n -b u tan o l17®. Q uinn and D awson1'’ 2*5 rep o rted
fo r  10 m in. Using ca rd io lip in s  from  v ario u s r a t  t is su e s  and rad ioactive  ace tic
53anhydride in b en zen e /p y rid in e  4 : 1 v /v , C ourtade e t a l found only 5 - 10% 
acety la tion  a t 90°C fo r 10 m in o r  a t 20°-G-for 12 h. De H aas e t a l , using 
b e e f-h e a rt CL and DPG (X, R = R3 = C ^ H ^ ,  R 1 = R 2 = C 17H33. sodium  sa lt) , 
observed  ca . 5% conversion  to  fully  e s te r if ie d  ca rd io lip in s  when they w ere 
reac ted  w ith ex cess  of m y ris to y l ch lo ride  in abso lu te ch lo ro fo rm  a t 20°C fo r 
48 h. Longer reaction  tim e s  resu lted  in ex tensive  decom position  of the s ta r t in g  
m a te r ia ls  into XXI, XXII and XXIII due to HC1 lib e ra ted .
E. HYDROLYSES O F CARDIOLIPINS
1) Dilute Acid and D ilute Base
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T h ese  reag en ts  w ere  sta ted  to have no effect on b ee f-h e a rt CL
2) A cidic H ydro lyses
Hydrogen ch lo rid e  in d ry  acetone a t 20°C fo r 48 h p re fe ren tia lly  sp lits
phosphod ieste r over fatty  acid  e s te r  b o n d s ^ .  The so -ca lle d  "m ild acid
h y d ro ly s is"  involves tre a tm e n t of CL with a c e tic  acid a t elevated  te m p e ra tu re s .
74F au re  and h e r  co lleagues exposed b e e f -h e a r t CL to "anhydrous" ace tic  ac id  
a t 100°C. Under th ese  conditions the CL m olecu le is  rap id ly  attacked (2 h 
suffice fo r  com plete degradation), to give in te rm ed ia te  products with lib e ra tio n  
of d ig ly cerid es , but not f re e  fatty  ac ids and g ly cero l. They in te rp re ted  th e ir  
re s u lts  by assum ing  the  ex is ten ce  of a f re e  hydroxylic group  in the m iddle 
g ly cero l m oiety of the CL m olecule a s  follow s:
0 * p 'N a +
R COO-i r O - P - O -
RCOO* -OH •OCOR
. O - p - O -
O ^ b 'N a +
■OCOR
d ig ly cerid e
O ^ p -N a 1
- O - P - O - i
pv
Na+ "0/  CM
-OCOR XXIV
‘-OCOR
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XXIV
ring  opening
(X c fvy Na 
O - P -  O
HO-
i “V°
Na O O
ide*
XXV
dig lyceri
O. O 'N a ❖  /
Y - P -  O-y
|-<v°
■ o '  \
XXVI
I 9
hoH
il
o -p < ;
o
l o - p < y
XXVII
splitting
- RCOO - HO-
■OCOR RCOO- + -
-OCOR -O —P —Y
0*”b 'N a +
-
•
XXVIII
1
HO-i
'N a + -
Na+
*Na+
Oy  N 0  Na+
XXIX
kOH
0^ b " N a +
XXX
It should be pointed out th a t in  anhydrous medium the in te rm e d ia te s  beyond XXIV
can  be explained if Y = -OOGCHg. A m ore p lausib le a l te rn a tiv e  is to a ssu m e  that
the ace tic  acid employed w as not com pletely  anhydrous. F o r  the [C L ] used 
-2 74(6 . 7 x 1 0  M) we ca lcu la te  that 0. 24% H^O by weight su ffice s  fo r the sp litting  .
pathway with Y = -OH; and 0. 36% ^ O  by weight suffices fo r  the ring  opening
pathway Y = OH. The observed  trend  tow ards the splitting  pathway in "anhydrous" 
74ace tic  acid im plies that the w ater contam ination w as in the  vicinity  of 0. 3% by 
w eight.
With in c reasin g  am ounts of d e lib era te ly  added w a te r  th e re  a re  som e
qualita tive d iffe rences in the in te rm ed ia te s , though the sam e in te rm ed ia te s  a re
74involved. Again, CL is  rap id ly  attacked , and in 2 h is  com pletely  degraded
The m ore w ate r that is p re se n t (1% to 10%) the  le ss  quantity  of the in te rm ed ia te
74XXIV is form ed, and the f a s te r  it d isa p p ea rs  . T his m eans that in c reasin g
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[ I^O J r e s u l t s  In a d ire c t a ttack  on P by H^O:
RCOO-r
RCOO
Ov O Na
- 0 - P - 0 -,
« 2^
L o - P - O
3"N a+
-OH >OCOR
OCOR
dig lyceride
XXV (Y = -OH)
r a th e r  than  in tra m o lec u la r  d isp lacem en t:
RCOO-i
RCOO»« (■P-
Ov O Na 
O - P - O - t
o . - p - o -1
NaHS d 'h
OCOR 
L OCOR 
X
XXIV
U nder th e se  conditions the in te rm ed ia te  XXIV d isa p p e a rs  quickly due to H^O
p re fe re n tia lly  a ttack ing  a t the cyc lic  phosphorus to g ive XXV (Y = OH). The
m ech an ism  by w hich XXV (Y = OH) van ishes should depend on the [H 20 ]  . Thus,
at low [H 2OJ in tra m o lec u la r  a ttack  should p rev a il, g iving XXVI (Y = OH),
while a t  h igher [ H20 ] , a ttack  on d ie s te r  phosphorus should p redom inate ,
affo rd ing  d irec tly  XXVII (Y = OH). Under the  sam e ex p e rim en ta l conditions
74
PA and PC do not lib e ra te  e i th e r  fatty  ac id s  o r  d ig lyceride  . H ence, the
h y d ro ly s is  of CL is  fac ilita ted  by in te rn a l a ttack  fro m  its  fre e  hydroxyl g roup
74on phosphate phosphorus and the bonds (A) a r e  m ore  labile than (B) .
RCOO-| 
RCOO A B
XL
o * b '
°*P-
O f-P-f-O -1
B A 
l-OH iOCOR
OCOR
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The hyd ro ly sis  of b e e f-h e a rt acid CL a s  em u lsio n  in w a te r a t 20 C 
75follow s a d iffe ren t co u rse  :
RCOOH
HO-i
A
X
i
RCOCX
° * ? H
O - P - O -1
-OH
L O - p —O j
rV(J OH
*- OCOR
RCOOH
HO-.
XVII
RCOO1
O. OH
rO-Y-Ch
RCOOH 
HO-i 
HO*
o - p - o j
O t)H
.....
T O,
OH «OCOR 
-OH
XXXI
O - P - O
( f b H
PH
p O -P -O -1  
-OH «OCOR 
-OH
XXXII
RCOO- 
«OCOR RCOO*
-dig lyceride
<\PH
i-O —P—OH 
-OH
L0 - P - 0
0 * b H
HO-i
RCOO.
XI
RCOOH
O OH 
O -T 1—OH
-OH
L ° - ^ - o J
o '  OH
XXXIII
N either PA no r PC no r th e ir  ly so -d eriv a tiv es  w ere  d e te c te d 75.
A lcoholic solutions of b ee f-h eart acid CL a t 20°C gave products analogous 
to those from  hyd ro ly sis , ethyl e s te r s  of the fatty a c id s  being form ed in th is  c a s e .  
A lso  the compound XXXIV w as iso la ted75.
RCOO
RCOOH
°*PH
0 - P - 0 C H 2CH3
OH
L0 - p - 0 J
o'bH
XXXIV
A gain, under the conditions o f hyd ro ly sis  and a lco h o ly s is  the bonds (A) w ere  
m o re  lab ile  than bonds (B) ( s e e  fo rm ula X on page 31 ).
N ie ls e n ^  d isco v ered  tha t the p roducts of C L h y d ro ly s is  (90% A cO H , 
100°C) p artitio n  d iffe ren tly  in  o rganic so lv e n t-w a te r  b iphasic  sy s tem s 
depending on:
a )  the organic so lven t used,
b) the m eta l ion con ten t of CL a s  shown in  T ab le  III.
TABLE III : PARTITION OF HYDROLYSIS PRODUCTS OF C L
M etal fo rm  of CL Solvent sy stem % P ren d e re d  H20 -s o lu b le
Calcium c h c i3 - h 2o 8
Calcium E t20  - H20 40-50
Sodium E t2Q - H20 80
Though the m eta l ions do n o t affect the h y d ro ly s is  i ts e lf , they do affec t the 
p a r ti t io n  of the products f o r  unknown r e a s o n s ^ .
3) Basic H ydro lysis
3
B eef-heart C L is  e a s i ly  saponified by KOH in d ry  ethanol g iv ing  GPGPG,
V, and fatty acid  s a lts , and th is  m ethod has been s tan d ard ized  fo r  phospholipid 
180an a ly s is  in g en e ra l . It i s  recom m ended that th is  so -c a lle d  "m ild  a lka line
h y d ro ly sis"  is  c a r r ie d  out w ith  the m onovalent s a l ts  of C L because d iva len t s a l ts
18gave inexplicab le , anom alous re su lts
4) Enzym atic H ydro lyses
Phospholipase A . f ro m  C ro ta lu s adam anteus slow ly h y d ro ly ses  both
^ 181 
b ee f-h e a rt CL and sy n th e tic  DPG. E th e r a c c e le ra te s  th is  h y d ro ly sis  . The
182enzym e from  Naja naja  a ls o  slowly a ttac k s  b e e f -h e a r t C L  in w et e th e r
181 182PC substan tia lly  a c c e le ra te s  the reac tio n  of the enzym e from  both so u rc e s  ’
18The fatty  ac id s  a re  r e le a s e d  from  the C^ position  of CL . The enzym e from
| |
Naja naja and Habu hyd ro ly sed  C L in e th an o l-w a te r  sy stem  in the p re se n c e  of Ca .
H ydrolysis a lso  p roceeds in  acetone o r  m ethanol but it is  inhibited in  ch lo ro fo rm  
88o r carbon  te trach lo rid e
Phospholipase C f ro m  Bacillus c e re u s  in an  e th e r -w a te r  sy s tem  h y d ro ly ses  
both b e e f-h e a rt CL and syn the tic  DPG to gfve d ig ly c e rid e  and PGP, XI. The p ro c e s s
34
is  ac c e le ra te d  by Zn and th e  enzym e d o es  not a ttack  the fully acy la ted  C L  
analogue VIII18.
Phospholipase D from  B russe ls sp ro u ts  does not a ttack  e i th e r  b e e f-h e a r t 
C L o r  syn thetic  DPG18. Ono and W hite11*^’ 11^ rep o rted  a C L -specific  
phospholipase D fro m  H aem ophilus para in fluenzae, th is  being the f ir s t  exam ple 
of a  non-plant o rig in  enzym e w ith phospholipase D ac tiv ity  to be found in  b ac te ria .
j I
T h is enzym e h y d ro ly ses  CL to  PG and PA, req u ire s  Mg and is  inhibited by
organ ic  so lven ts, so m e d e te rg en ts , heavy m etals  and chela ting  agen ts. Its
184s te re o sp e c if ic ity  h as  been dem onstra ted  . The sym m etry  p ro p e r tie s  of the
80C L m olecule have been  d isc u sse d  in th is context . The two phosphate groupings 
can  be considered  to  be enantio topic and th e re fo re  one (see  below) is  attacked  
p re fe ren tia lly :
RCOO-
R* 1C O O |
CLOH
r O - P - O -
H O  
l o - p - vO-
kOCOR
l o c o r, r  % y
c f b t h
site  of a ttack  of phospholipase D
A C L -spec ific  phospholipase D has been found in E. co li e x tra c ts 115
1- A - 17 BIOPHYSICAL PROPERTIES OF CARDIOLIPINS
T h ere  a re  a num ber of in te re s tin g  physical p ro p e rtie s  of phospholipids 
w hich a re  o r  can be re la te d  to th e ir  behaviour in biological m em b ran es . The 
b es t studied phospholipid in  th is  re sp e c t is  natu ra l and synthetic phosphatidyl 
cho lines .
A. SOLID STATE BEHAVIOUR
The behaviour of d ry  phospholipids is  com plicated  because they exhibit 
po lym orphism  and th e rm o tro p ic  m esom orphism .
1 ) Phospholipid Polym orphism
M ost com pounds tha t contain long hydrocarbon chains have been found in
m o re  than one c ry s ta llin e  form, (polym orphs) depending on the solvent used for 
185c ry s ta lliza tio n  . F or phospholipids, few er exam ples a re  ava ilab le  (for review ,
*!FI*S!lf!iri!!!ï^
. ^ 
A
m m * "xT*.
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see  re f . 186) and nothing is known about CL a s  yet.
2) Phospholipid T herm otrop ic M esom orphism
The anhydrous phospholipids do not p a s s  d irec tly  from  the v a rio u s
c ry s ta llin e  fo rm s  ( i .e .  polym orphs) to the iso tro p ic  liquid s ta te , i . e .  in  addition
to c a p illa ry  m elting  point, o th e r changes (th e rm o tro p ic  phase changes) have been
shown to occu r a t low er te m p era tu re s  (th e rm o tro p ic  o r endotherm ic tra n s itio n
te m p era tu re s ) . The m ost pronounced change o c c u rs  at a c h a ra c te r is t ic
te m p era tu re  ca lled  the (therm otrop ic) tra n s i tio n  te m p era tu re , T  , a t which the
chains of the phospholipid a re  m elted and a liqu id  c ry s ta llin e  phase o r  m esophase
is  obtained. Phospholipids have few er m e so p h ase s  than soaps, and it i s  possib le
fo r  a p a r tic u la r  phospholipid to exhibit m o re  than one m esophase (at d iffe ren t
te m p e ra tu re s  of co u rse ). The s tru c tu re s  so  f a r  ch a ra c te riz e d  fo r  phospholipids
186in the liq u id -c ry s ta llin e  s ta te  a re  :
a )  lam ella r
b) hexagonal, and
c) cubic.
It should be noted  that in a ll liq u id -c ry s ta llin e  s tru c tu re s  the p o la r  and hydrocarbon 
p a r ts  of the m olecu les a re  separated  into d is t in c t  reg io n s. Only one "m elting  of the 
chain" o ccu rs  even when th e re  a re  two d if fe re n t types of chain p re se n t in the 
phospholipid. Above T £ the chain motion in c re a s e s  considerab ly . T h is  is  a 
fundam ental p ro p e rty  of the phospholipid and inhibition of the chain m otion can 
take place only by in te raction  with o th e r m o lecu les , e .g .  w a te r o r  p ro te in s . F o r 
C L  no stud ies have been published.
B. BEHAVIOUR IN SOLVENTS
1) W ate r Solvent: Lyotropic M esom orph ism
Phospholipids in g e n e ra l^ * ’ do not p a s s  d irec tly  from  the so lid  sta te  to a 
solution in the p resen ce  of w ater. V arious hydrated  phases (lyo trop ic phases) a r e  
encountered  b efo re  "solution" of the phospholipid in w ate r o cc u rs . T he lyotropic 
phases exhibit th e rm o trop ic  m esom orph ism . In o ther w ords, the p a r tic u la r  
lyotropic phase obtained is  a function both of w ate r content and of te m p era tu re . 
When w ate r m olecu les diffuse into the la ttic e  they do so into the p o la r  region only, 
but they cannot do th is until a p a r tic u la r  te m p e ra tu re  (Tc line, o r  K rafft point) is
pwiffllrs??
A
reached  a t which the hydrocarbon  chains m e lt. Above the K rafft point th e re  is  
a sim ultaneous d isso c ia tio n  of the ionic la ttic e  by the p en e tra tio n  of w ater 
m olecu les and the m e ltin g  of the hyd rocarbon  chain  reg ion . The K rafft point 
depends on the n a tu re  of hydrocarbon  chains an d  the p o la r  p a r t  o f the phospholipid, 
on the am ount of w a te r  and the p re se n ce  of so lu te s . When w a te r  h as  pene tra ted  
Into the p o la r  group  reg ion  and then the sy s tem  is cooled below the Krafft point, 
a gel is  obtained p o sse ss in g  a la m e lla r  o r  c ry s ta l l in e  s tru c tu re . Above the 
K rafft point the sy s te m  is  sa id  to be in the liq u id -c ry s ta llin e  s ta te  and it can have 
s tru c tu re s  like:
a )  la m e lla r  (neat)
b) hexagonal i) hexagonal I (Hj)
i i )  hexagonal II (H j j )
c )  cubic.
Changes from  one s tru c tu re  to the o th e r  (phase  tra n s itio n )  can  be brought about 
by te m p e ra tu re , w a te r  content, p re se n c e  of ca tio n s o r  p ro te in s .
B eef-h eart C L  (p resum ably  in its  Na+ sa lt fo rm ) and a t 20°C  (?) fo rm s
liq u id -c ry s ta llin e  p h ases  having la m e lla r  (neat), L, and H s tru c tu re s  depending
* 188 ^  
on the am ount of :
? L L +  H n HII ?
0 39 .2  5 3 .4  8 5 .7  95 100
% CL in H20  *
B eef-heart CL p re c ip ita te d  as  i ts  ca lc ium  s a lt  fo rm s  liq u id -c ry s ta llin e  phase with
H s tru c tu re  fro m  -100° to -f40°C188, 189 and the fo rm ation  of H s tru c tu re  is  
^  | |
independent of the [ Ca ] used fo r  the p rec ip ita tio n  from  w a te r  suspension . T his 
is  in d ir e c t  c o n tra s t w ith o ther ac id ic  phospholip ids such a s  PS and PI which form
_H_ -|gg
la m e lla r  (neat) s t ru c tu re s  upon p rec ip ita tio n  w ith Ca . A f re e z e - fra c tu re
189 | f | |
rep lic a  of ca lc iu m -C L  has been published . Mg and Ba a lso  p rec ip ita te
b e e f-h e a r t CL in H .. s tru c tu re  but not at a l l  te m p e ra tu re s  and concen tra tions a s
^  188 
the follow ing T ab le  IV ind icates:
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TABLE IV
STRUCTURES OF PREC1 PITATED Cl
cation m olarity  of cation
+4°C +20°C +40°C
. .  ++ Mg
0. 003 M Hjj + (L ) HII HII
0 .5  M HII HII HII
o  ++Ba 0 .0 1 -0 .7  M L + ( H n ) Hn + ( L ) HII
T he im portan t conclusion is  tha t d iva len t m etals , instead  of s im p ly  condensing 
the L s tru c tu re  of CL a s  they do with o th e r  ac id ic phospholip ids, convert it to  a 
Hjt s tru c tu re , the effect being equivalen t to dehydration (cf. N a -C L  at 85-95%
188 | | | | | j
concen tra tion ) . It is  w orth  m entioning that com pared to Mg o r Ba , Ca
is  optim al in reducing  the s iz e  of the p o la r  group of the CL m o lecu le  by binding
the  two phosphate groups resu ltin g  in a  change in the shape of th e  m olecule from  
188cy lin d rica l to conical
O verath  and TrSuble^^ found fo r  2 mM CL (sa lt form  n o t stated), containing
m ainly  e la id ic  acid , from  E. co li, a tra n s itio n  te m p era tu re  a t  +53°C, w hile 2 mM
C L  (in bu ffe r containing K+, NH^+ and M g ^ )  had a tran s itio n  te m p e ra tu re  +33°C
fo r  gel to liq u id -c ry s ta llin e  s tru c tu ra l change a s  m easured  by 9 0° light sc a tte r in g .
The fluidity  g rad ien t in the fatty  acid chains of b e e f -h e a r t  CL sodium  sa lt
[ L s tru c tu re ]  and CL calc ium  sa lt (Hjj s tru c tu re )  has been s tud ied  by spin
labelling  a t 2 0 °C 1<^ ’ In both s tru c tu re s  th e re  is  an in c re a s e  in fluidity  from
the  p o la r head group region tow ards the te rm in a l m ethyl g ro u p s . The only
d iffe rence found is that in Hjj s tru c tu re  the m ethylene g roups n e a r  the p o la r  p a rt
of the m olecu le a re  not as  fluid com pared  with the L s tru c tu re .  Sodium C L
+37°
190when ca lc ium  CL was used . It should be mentioned h e re  th a t  the spin-
labelled p ro b es  do not d istinguish  betw een d iffe ren t lyotropic s tru c tu re s  and th e ir
c h a ra c te r is t ic s  should be es tab lished  by o ther m eans, e .g .  p o la riz in g  
191 192m icroscopy  ’ . The Raman sp e c tra  of CL in the L and H s tru c tu re s  have
w UK U . J 7 6been published
2) O rganic Solvents: M ice lla r Form ation
The solubility  of phospholipids in organic so lvents d epends m arkedly  on 
the chain length, d eg ree  of unsa tu ra tion  and, in the case  of a c id ic  phospholipids,
showed a tra n s itio n  at ca.  C and ca . +12°C. These tra n s itio n s  w ere abolished
^ 4 1
on the c a tio n  bound to them . In p o la r so lven ts such as  MeOH o r  EtOH phospholip ids 
a r e  m o n o m eric , w hile in  non -p o lar so lven ts such a s  benzene, they fo rm  m ic e lla r  
ag g re g a te s  (inverted  m ic e lle s) .
T he effec t of the  cation  on the behaviour of b e e f-h e a r t C L in o rg an ic
,25so lven ts is  a s  T able V in d ica tes , though no concen tra tions w e re  sta ted  .
TABLE V PHYSICAL STATE OF C L  IN ORGANIC SOLVENTS
s a l t  fo rm benzene MeOH, EtOH, n-B utanol, AcOH
sod ium
quin ine
m ic e lle s  (MW>12, 000) 
m onom eric
m onom eric
m onom eric
C. BEHAVIOUR O F CARDIOLIPIN IN MORE COMPLEX SYSTEMS
M odel m em brane sy s tem s which s im u la te  b io logical m em b ran es  a re :
m o n o la y e rs , b ila y e rs  and v e s ic le s . R ecently  it has been shown that C L  can  form
193a s y m m e tr ic  lipid b ila y e rs  (black lipid m em b ran es) . Pure C L fo rm s  c lo sed
liq u id -c ry s ta ll in e  s tru c tu re d  v e s ic le s , when suspended in aqueous sa lt so lu tions,
having m u ltila m e lla r  appearance  in e le c tro n  m ic ro g ra p h s  and u n ila m e lla r
194v es ic le s  c a n  be p re p a re d  a f te r  ca re fu l sonication
A lte ra tio n s  in the s tru c tu re  and o th e r  physica l p ro p e r t ie s  of phospholip ids 
in  m odel sy s te m s  can be of g re a t value in understand ing  th e ir  function in 
b io log ica l m em b ran es . Since CL is  an exc lu sive  in n e r m itochondria l phospholipid 
in eu k a ry o tic  c e lls  it i s  of in te re s t to  understand  i ts  behav iour in  sy s te m s  of 
in c re a s in g  com plexity  such a s  C L -organ ic  m olecu le, C L -lip id  (phospholipid), 
C L -p ro te in , C L -lip id -p ro te in , e tc . in aqueous o r  buffered en v iro n m en ts . 
N eedless to  say , such stud ies re q u ire  s tru c tu ra lly  w ell-defined  C L m o lecu les  of 
high p u r ity  a s  w ell a s  a  good background in form ation  on s tru c tu re  and p h y sica l 
p ro p e r t ie s  of the hom ologous ca rd io lip in s . A s can be judged from  w hat w as 
d esc rib ed  in  the p rev io u s pages, the p re se n t s ta te  of physica l, ch em ica l, 
b io c h em ica l and b iophysical knowledge on C L  is  poor com pared , fo r  exam ple , 
w ith PC. Below, b iophysica l stud ies  pe rfo rm ed  with b e e f -h e a r t C L w ill be 
b rie fly  d e sc r ib e d .
i )  C L -c h o le s te ro l-H pO System
T h e  s tru c tu re  form ed by CL in a 1 : 1 m ix tu re  w ith ch o le s te ro l is  not
. 192known
i i )  C L -PC -H ^O System
Sodium -C L  and PC fo rm  L s tru c tu re s , even a t co n cen tra tio n s  w here  pure
sodium  CL g ives H s tru c tu re s .  In o th e r  w ords, PC s ta b iliz e s  the L s tru c tu re
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of CL ’ . P rec ip ita tio n  of these  m ix tu re s  w ith Ca a ffo rd s  Hjj s tru c tu re s
when the P C /C L  ra tio  is  1 to  1 .5 , w hile a m ixed L and o th e r  s tru c tu re s  a re
188obtained when the ra tio  in c re a se s  . The location  of the flu o re sc en t probe ANS 
(5 -a n ilin o -8-naph tha lene su lfonate) in the L s tru c tu re  fo rm ed  by P C /C L  8 : 1 w as 
d is c u s s e d ^  .
i ii)  C L -cy toch rom e c -H ?Q System
197 ^It has  been  shown that CL fo rm s two la m e lla r  (nea t) s tru c tu re s  
d iffe rin g  in th ick n ess  and dependent on the C L /fe rr ic y to c h ro m e  c ra tio . Whep 
m ore p ro te in  is  p re se n t the lipid lam ellae  sh rink . Both s tru c tu re s  a r e  stab le  and 
independent of te m p e ra tu re  (from  +20° to  +60°C). The in te ra c tio n  is  of an 
e le c tro s ta t ic  n a tu re  in  both c a se s .
Reduction of f e r r i -  to  fe rro cy to ch ro m e c in the th ic k e r  la m e lla r  (neat) 
s tru c tu re  does not change the s tru c tu re  a p a r t from  som e sh rinkage  betw een the 
la m ellae , but now the binding involves hydrophobic in te ra c tio n s  a s  w e l l ^  **. F or 
fu r th e r  stud ies on th is  sy s tem , see re f . 152.
iv ) C L -ly so zy m e-H ^O System
The p h ases  obtained a r e  a function of the pH and th e  ly so zy m e/C L  ra tio . 
At 6 <  pH <  7 two p h ases w e re  produced. The one, p ro te in  in ex c e s s , w as 
la m e lla r  (neat), i ts  s tru c tu re  w as independent of te m p e ra tu re  (0° to +60°C) and 
the binding w as of an e le c tro s ta t ic  type. The o th e r, CL in ex c ess , w as la m e lla r  
(neat), th in n er com pared  w ith the p rev io u s one; th is  s tru c tu re  w as te m p era tu re  
dependent, undergoing i r re v e r s ib le  tra n s itio n s  probably  due to a chem ical
rea c tio n  betw een lysozym e and CL. The binding w as of hydrophobic and e le c tro -
, 197s ta tic  type
195v) C L -P C -in su lin -H ^O System
Insulin  w as positively  charged a t pH 3. 0 w here the study w as done using 
v a rio u s  p ro p o rtio n s of CL-PC . Under a l l  conditions the sy s tem  had a la m e lla r  
(neat) s tru c tu re . The effec t of insu lin , w hich did not p e n e tra te  the hydrophobic 
reg ion  of the la m ellae , w as to  rep la ce  w a te r  m olecu les fro m  the in te rb ilay e r  
space . No sh rinkage  of the lam ellae  w as observed .
v i) CL-PC -B SA -H J3 System198
The p ro te in  w as positively  ch a rg ed  a t pH 3 .3 3  w here the ex p e rim en ts  
w ere  c a r r ie d  out. The la m e lla r  (n ea t)  s tru c tu re  w as p re se rv e d  o v er wide 
v a ria tio n s  of the ra tio  of the com ponen ts. With th is  sy stem , penetra tion  of p a r t 
of th e p ro te in  w as possib le , and the binding w as of both hydrophobic and e le c tro ­
s ta tic  n a tu re .
1-B BIS-PHOSPHATIDIC ACIDS AND ITS LYSO-DERIVATIVES
1-B-1 BIS-PHOSPHATIDIC ACIDS OR PHOSPHATIDYL DIGLYCERIDES
Although PG is  a widely d is tr ib u te d  phospholipid and the m a jo r com ponent 
of the phospholipids of g reen  le av e s , a lgae , photosynthetic b a c te ria , G ra m ­
p o sitiv e  b ac te ria , although a m in o r  com ponent of the phospholipids of 
m am m alian  t is su e s  (for review , s e e  re f . 55), its  fu ll acy la ted  d eriv a tiv e ,
b is-phospha tid ic  acid, (bis-PA), IX, is  a sc a rc e  phospholipid.
199The p resen ce  of bis-PA  w as  im plied  in cod flesh  and c e ll- f re e
p rep a ra tio n s  of E. co li^ ^ ,  but in the la t te r  case it w as proved to be a m ono-acyl 
201d e riv a tiv e  of PG . Bis-PA w as p o sitiv e ly  identified  in the y ea s t Candida
54tro p ic a lis  grown on n -alkanes , w h ere  it accounted fo r 4. 5% of to ta l
phospholip ids and it w as r ich  in C 17<1, C 1 7 2 , and C ^ - 2  fa tty  a c id s ’ the
d ienoic ac id s  occupying m ainly th e  C . position. T ra c e  am ounts (0. 02% of to ta l
1 202
phospholip ids) of bis-PA  w ere  found in BHK fib ro b la s ts  . It had m ainly o le ic  
acid , and le s s e r  am ounts of p a lm itic , s te a r ic  and lino leic ac id s .
The s te re o  configuration of bis-PA  has not been worked out yet, though 
it is  expected to be that of IX on b io syn thetic  a rg u m en ts , but the following 
s tru c tu re  XXXV is  a lso  possib le:
RCOOt r-OCOR
Ho c o r  NOCOR XXXV
l o - p - o j
O ^bH
in view  of the estab lished
,203 configuration  of the lyso -b is-P A  a s  XXXVI.
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Vi) CL-PC-BSA-H20  System
The p ro te in  w as positively  charged  a t pH 3 .3 3  w here  the ex p e rim en ts  
w ere  c a r r ie d  out. The la m e lla r  (neat) s tru c tu re  w as p re se rv e d  o v e r wide 
v a ria tio n s  of the ra tio  of the com ponents. With th is  sy s tem , pen e tra tio n  of p a r t  
o f th ep ro te in  w as p o ssib le , and the binding w as of both hydrophobic and e le c tro ­
s ta tic  n a tu re .
1-B BIS-PHOSPHATIDIC ACIDS AND ITS LYSO-DERIVATIVES
1-B-1 BIS-PHOSPHATIDIC ACIDS OR PHOSPHATIDYL DIGLYCERIDES
Although PG is  a  w idely d is trib u ted  phospholipid and the m a jo r  com ponent 
of the phospholip ids of g ree n  leaves, a lgae , photosynthetic b a c te r ia ,  G ra m ­
positive b a c te ria , although a m in o r com ponent of the phospholipids of 
m am m alian  t is s u e s  (fo r rev iew , see  re f . 55), its  fu ll acy la ted  d e riv a tiv e ,
b is-phospha tid ic  acid , (bis-PA ), IX, is  a s c a rc e  phospholipid.
199The p re se n ce  of bis-PA  w as im plied  in cod f le sh  and c e ll- f re e
p rep a ra tio n s  of E. c o li^ ^ ,  but in the la t te r  ca se  it w as proved to  be a m ono-acyl 
201d eriv a tiv e  of PG . Bis-PA w as p ositive ly  iden tified  in the y e a s t Candida
54tro p ic a lis  grow n on n -a lk a n es  , w here  it accounted fo r  4. 5% of to ta l 
phospholipids and it w as r ic h  in C _ , C „, C and C „ fatty  ac id s , the
1/11 11\JL l o l l  l o U
dienoic ac id s  occupying m ainly  the C„ position . T ra c e  am ounts (0. 02% of to ta l
1 202phospholip ids) of b is-P A  w ere  found in BHK fib ro b la s ts  . It had m ainly o le ic  
acid , and l e s s e r  am ounts of palm itic , s te a r ic  and lino le ic  a c id s .
The s te re o  configuration  of bis-PA  has not been  w orked out yet, though 
it is expected  to  be th a t o f IX on b iosyn thetic  a rg u m e n ts , but the following 
s tru c tu re  XXXV is a lso  possib le :
RCOO-i «-OCOR
H o c o r UOCOR
l- o - p - o J
c f b H
XXXV
in view of the es tab lish ed
203 configuration  of the ly so -b is-P A  a s  XXXVI.
I41
RCOO-
-OH
rOCOR
-OH XXXVI
o - P N- o - i
o 'O H
Synthetic b is-P A s, XXXVII, a s  f re e  ac id s , had ca p illa ry  m e ltin g  points
d e c re a s in g  with cha in  length (XXXVII, R = C ^ H ^ ,., 70°C; R = C ^ H ^ ,  62-3°C ;
R = C 13H27, 49-50°C ) and +81° in benzene204. They w e r e  read ily  so lub le
in benzene, ch lo ro fo rm  o r  e th e r; m oderately  soluble in m ethano l, ethanol,
d ioxane o r  acetone, the so lub ility  of hom ologous b is-PA s in th e  sam e so lven t
204d e c re a s in g  w ith in c re as in g  length of the fatty  acid group . Bis-PA (XXXVII,
R = C _H _,), in  ac id  fo rm , w as oily having Mn  +79. 5° and h igh ly  soluble in 
17 dd D 205
e th e r , ch lo ro fo rm  o r  acetone and m odera te ly  soluble in e th an o l
RCOO-i rOCOR
RCOO* RCOO* XXXVII
L0 - P —O-
O 'O H
Bis-PA (DC, R = R 3 = C 1?H33, R 1 = C H3 . R2 = C ^ H ^ ) 2 1 4  sodium  sa lt* , is
deacy lated  sm oothly be a lcoho lic  alkali^®.
P hospholipase A - from  C ro ta lu s  adam anteus a ttac k s  syn the tic  b is-P A , IX, 
^ 18v ery  slowly re le a s in g  fatty  ac id s  from  positions . P hospholipase C from  
B acillus c e re u s  had no effect on the sam e synthetic b is-P A , IX, even a t high
co n cen tra tio n s of the enzym e, p re se n c e  of Zn and very  lo n g  incubation tim es  
Phospholipase D from  B ru sse ls  sp ro u ts  a lso  did not a ttack  th is  synthetic 
phospholipid, DC.
18
Bis-PA of configuration  IX showed no detec tab le  C otton  effect 217
1-B-2 SEMI- LYSO-BIS-PHOSPHATIDIC ACID
S em i-ly so -b is-P A  of undeterm ined configuration and  fatty  acid position  
h a s  been iso la ted  from  rab b it lung, accounting fo r ca . 0 . 2%  of the to ta l
* T he configuration  in Ref. 18 fo r  bis-PA  is  in e r r o r .  It should  be a s  in IX; 
se e  a lso  Ref. 214.
phospholipids . It con tained  m ainly C i 6 .q and C 1 g 2  fatty  ac id s  and
the au th o rs  favoured the follow ing s tru c tu re :
206
RCOO-i rO H
RCOO* OCOR XXXVIII
This lipid w as  a lso  found to  be the p roduct of acy la tion  of PG in c e ll- f re e
201
e x tra c ts  of E . co li, but the s tru c tu re  w as not de term in ed  . Salm onella
typhim urium  contains se m i-ly so -b is -P A  co m p ris in g  2% of the to ta l phospholipids 
207and has the configuration  :
BHK fib ro b la s ts  contain 0. 1% of th is  lipid having m ain ly  C and l e s s e r  am ountslo l l
c  , C . . and C . 0 „ fa tty  ac id s in th is  o rd e r . It w as assigned  the s tru c tu re  
16.0 16.1 18.2 208 
XXXIX^O^. T h is lipid w as a lso  detec ted  in M ycoplasm a s tra in  S 743.
1-B-3 LYSO-BIS-PHOSPHATIDIC ACIDS
L yso-b is-P A  w as f i r s t  iso la ted  from  lung o f pig, r a t  and rab b it w h ere  it 
w as p re se n t in sm all am ounts and had m ainly o le ic  and le s s e r  am ounts of 
linoleic and s te a r ic  a c id s . It w as suggested  tha t i t s  s tru c tu re  is:
L yso-b ts-P A  has been es tim a ted  by quan tita tive T L C  to be 1% o r  le s s  of the 
to ta l phospholip ids in t is s u e s  (liv e r, kidney, sp leen , h e a r t, sk e le ta l m u sc le )
uncom mon XXXVI . L yso-bis-PA  w as d isco v ered  to be localized  in ly so so m es
RCOO-I r OCOR
RCOO* -OH XXXIX
Lq  —P —0 J
0*O H
RCOO-| rOCOR
HO* <OH XL
28from  s e v e ra l m am m alian  spec ies  . It was a lso  found in 1 .6% abundance in BHK
202f ib ro b la s ts , having m ain ly  oleic ac id  , and i t s  s tru c tu re  proved to  be the
203
I43
,  w 210 of ra t  hepatocytes
T his phospholipid is  of in te re s t  b ec au se  s tr ik in g  in c re a se s  of th is
substance have been found in  t is s u e s  from  p a tien ts  afflic ted  with s e v e ra l d ise a se s
211of lipid s to rag e . T hus, R ouser et a l found in c re a se s  of th is  lipid in the liv e r
from  patien ts w ith the  in fan tile  N iem ann-P ick  d ise a se , w ith a d ise a se  of
un certa in  d iagnosis c h a ra c te r iz e d  by e a r ly  d ea th  and neuro log ical involvem ent,
w ith adult N iem ann-P ick  d is e a se , and w ith la te  infantile am au ro tic  fam ilia l
idiocy. A 10% abundance in  th is  phospholipid w as a lso  found in ano ther ca se  of
212infantile N iem ann- Pick d ise a se  . The lip id  w as r ich  in o le ic  acid  (76%).
213Yam am oto e t a l found m ark ed  in c re a se s  in  lyso-b is-P A  in liv e r , sp leen , 
m uscle , lymph nodes and u r in a ry  se d im en ts  in  a N iem ann- P ick -like  syndrom e 
induced by 4, 4 '-d ie th y l-am in o eth o x y  h e x e s tro l (a co ro n ary  v aso d ila to r) . T his 
m eans that the change in the am ount of ly so -b is-P A  may not be specific  to 
inherited  d is o rd e rs  of m etabo lism .
Because the configuration  of the ly so -b is-P A  iso la ted  from  BHK fib ro b las ts  
has the uncom mon backbone 1-sn -g ly c e ro p h o sp h o ry l-1 '- sn -g ly c e ro l,  i ts  b iosyn­
th e s is  and b iodegradation  m u s t involve d if fe re n t pathways from  the ones known
203fo r the m am m alian  phospholip ids
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P R I N C I P L E S  O F  P H O S P H O L I P I D  S Y N T H E S I S
2 -A OBJECTIVE OF TH E PROJECT
As w as outlined in c h a p te r  1, CL is  a  unique phospholip id  p re se n t in the 
in n e r m itochondria l m em brane , w here  i ts  ro le  s ti ll  r e m a in s  a m y s te ry . To 
understand  i ts  function re q u ire s ,  in  addition to  m etabo lic  ex p e rim en ts , a study 
of its  s tru c tu re  (especia lly  the conform ational d e ta ils )  and the effec t of 
s tru c tu ra l m odifications on b io log ical ac tiv ity .
The p ro p e r tie s  of phospholipids, in g en e ra l, a r e  s tro n g ly  dependent on 
the com position  of th e ir  fa tty  ac id  chains and, in the c a s e  of ac id ic phospholipids 
like CL, on th e ir  m etal ion(s).
In sp ite  of the p ro g re s s  m ade in understanding  th e  ch rom atograph ic  
behaviour o f C L and in re fin em en t of m ethods fo r ob ta in ing  pure C L of na tu ra l 
o rig in , th e re  is  s ti ll  no m ethod ava ilab le  fo r obtaining phospholip ids, le t alone 
CL, with a unique fatty  ac id  and m etal ion com position .
To fa c ilita te  in te rp re ta tio n , a t le a s t with in itia l s tu d ies , m ost b iochem ical 
and physicochem ical techn iques re q u ire  hom ogeneity in  both the fatty  acid  and 
cation  p a r ts  of th is  im p o rtan t phospholipid. This dem and fo r chem ically  w ell- 
defined phospholipids com pelled  us to undertake an in v estig a tio n  tow ards an ea sy  
way for p rep a rin g  v ario u s card io lip in s* . O ur aim  w as to  develop a quick, w ell- 
defined syn thetic  m ethod avoiding racem ization (s), s id e -re a c t io n s  and thus, 
b y -p ro d u c ts , using cheap, rea d ily  availab le ch em ica ls .
In the following tex t, th re e  top ics w ill be co v e red :
1 ) syn thetic  methodology which is  cu rren tly  ava ilab le  o r  could be derived ;
2 ) developm ents and re fin em en ts  which we have e ffec ted  (showing which s tep s 
a re  e a sy  to  c a r ry  out and which is (a re )  the p ro g re s s -d e te rm in in g  step (s)), and
3) p ro b lem s which a re ,  a s  yet, unsolved.
2-B CURRENT AVAILABLE METHODOLOGY IN LIPID SYNTHESIS
_______ A given m ulticom ponent (com plex) m olecule can  be syn thesized  in the
* H erea fte r  designated  a s  diphosphatidyl g ly cero l, DPG.
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so lid  phase o r  the liquid phase .
Solid phase sy n th esis  on an insoluble po lym eric  suppo rt revolu tion ized
p ep tid e  sy n th e s is . T h is concept has a lso  been used fo r  the sy n th e s is  of enzym es,
po lynuc leo tides and c a rb o h y d ra te s , a s  w ell a s  in the a re a  of im m obilized
e n z y m e s  and c a ta ly s ts .  (F o r re c e n t rev iew s, see  re f . 1). In sp ite  of som e
2
d isa d v an tag es , e .g .  concern ing  sequence ac cu rac y  in pep tide sy n th esis  , the
so lid  phase technique can be benefic ia l in the sy n th esis  of n a tu ra lly  o cc u rrin g
m o le cu le s  of le s s e r  com plex ity , but in the lipid field  has  not yet been applied .
Liquid phase sy n th esis  involves re a c tio n s  in which the re a c ta n ts  can be
an y  a p p ro p ria te  so luble chem ica l, including enzym e(s) o r  p o ly m er(s). A
3
p o ly m e ric  suppo rt so luble in o rgan ic  so lven ts , developed in o rd e r  to  a llev ia te  
so m e  of the d isadvan tages of solid  phase peptide sy n th e s is , h a s  been applied to
4
nucleo tide  sy n th esis  , but no ex p e rim en ts  have been published in the lipid field . 
T h e  use of enzym es as  c a ta ly s ts  fo r de novo and in toto sy n th esis  of phospholipids 
h a s  not been rep o rted  yet, although plenty of exam ples involving a com bination  
o f chem ical and enzym atic  s te p s  have appeared  in the l i te ra tu re . (F o r  a rev iew , 
s e e  re f . 5). Until now, a ll phospholipid sy n th e s is  has  been accom plished  by 
c h e m ic a l re a c tio n s  in liquid phase . (F o r rev iew s, see  re f . 6 ).
The sequence of opera tions in lipid sy n th esis  a r e  a s  follow s:
a )  se lec tiv e  p ro tec tio n  of g ly cero l and re la te d  polyfunctional constituen ts , 
e .g .  ethano lam ine ,
b )  p ro tec tion  of phosphate(s ),
c )  ac tiva tion  of (p ro tec ted ) g ly c e ro l and phosphate,
d )  con tro lled  coupling of e .g .  g ly cero l w ith phosphate,
e )  rem oval of p ro tec tin g  groupings,
f)  pu rifica tion ,
g )  a s se s s m e n t of pu rity .
In the co u rse  of the sy n th esis  usually  the m ost d ifficu lt p rob lem  is  to  avoid
re a rra n g e m e n ts , e .g .  of an acy l group  w ithin a  g ly c e ro l section .
In p ra c tic e , phospholipid sy n th esis  involves a s tepw ise  building up of
individual p a r ts  of the m olecu le s ta rtin g  from  v ario u s  d e r iv a tiv e s  of substitu ted
66g ly c e ro l, and can be divided into two broad g roups (rou tes  A and B):
M n m in irE iv f!? * ?
R COO - , s e v e ra l RCOO — 
step s
se v e ra l HO- 
s tep s
H O
A B
l O P -O Y
XLI XLIII XLI I
X in com pound XLI can be -OH o r  halogen. In compound XL1I and Z^ a r e  
a p p ro p ria te  p ro tec tin g  a n d /o r  leav ing  g ro u p s . Y in compound XLIII can  b e  one 
of the d e s ire d  w a te r-so lu b le  m o ie tie s  such a s  g ly cero l, e thanolam ine, ch o lin e , 
e tc . R outes A and B both have th e ir  p ro b lem s and m o reo v e r the sy n th e s is  o f 
the s ta r t in g  m a te r ia ls  XLI and XLII is  not alw ays an ea sy  task .
2-C  SYNTHETIC APPROACHES USED FOR PPG
A ll DPG sy n th eses  re p o rte d  have u tilized  rou te  A. T hese sy n th e se s  w ill 
now be su m m arized .
£ )  DPG of S tru c tu re  X
7
i)  de H aas and van Deenen used  the sequence shown in Schem e I, (6 'o r  7
in c a . 55% yield  fro m  XLVII.
ii)  The sequence dep icted  in Schem e III gave fully blocked DPG (L, R = C ^ H ^ g ,
obtained X (R = R3 = C ^ H ^ ;  R 1 = R = C ^ H g g )  in an o v era ll y ie ld  o f  26%
ste p s  from  X U ; R = C ^ H ^ ,  R 1 = C H and X = C H ^h , Y = CM eg) and
I / g \
fro m  X U . Inoue and N ojim a using ra c e m ic  XLI (R = R = C ^ H g ^ )  and
X = Y = C H ^ h  obtained ra c e m ic  X (R = R^ = R2 = R 3 = C ^ H g ^ )  in a  4% 
o v e ra ll y ie ld  from  X U .
9
ii)  U sing the rou te  dep icted  in Schem e II, S aunders and Schw arz (U I , Y = 
C H ^h )o b ta in ed  DPG (X, R = R 1 = R2 = R3 = C ^ H g g )  in a c la im ed  y ie ld  of
B) DPG D eriva tives
a )  of S tru c tu re  VIII.
Y = C 13H2 7 C O -)d e  H aas and van D eenen1U obtained the co rre sp o n d in g  L
R 1 = C 15H31> Y = C 13H27C O -) in 60% yield  from  LV (X = C H ^ h )10  and  
73% yield  w as obtained fo r  L (R = R 1 = C ^ H g g , Y = C ^H ggC O - ) 1 \
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i i i )  Follow ing Schem e IV (a m odification of Schem e II) Shvets e t a l  p rep a re d  
ac id  L (R = R 1 = C H ^ ,  Y = C ^ H ^ C O )  in  46% yield and ac id  L (R = R 1 = 
C 1?H31, Y = C 17H3 1CO) in 41% yield. 
b) of v a rio u s  S tru c tu re s .
DPG deoxy analog  (XIX, R = C H , y= 1 )h a s  been  syn thesized  by a p ro ce d u re
13analogous to  Schem e I in 11.5% yield  . A ca rd io lip in  p lasm alogen  of the
1 14
s tru c tu re  LVII (R = C 14H29’ R = c 17H35) has been  synthesized in 75% yield 
on XLVIII in a m anner analogous to  that shown in Schem e I and in  64% yield  ^  '  
when Schem e III w as em ployed.
1 2
RCH = CHO-i o
 o
J
R1C O O -OCOR1 -O C O R 1
•OPO -O C H  =
c / V
CHR
LVII
It can  be said  that the chem ical syn theses of DPG of s tru c tu re  X involve 
a m u ltis tep  p ro ced u re  com bined w ith a ra th e r  p o o r y ield , excep t tha t of S aunders
9
and Schw arz w hich a p r io ri se em s to be quite p rom ising .
2 -D  SYNTHETIC APPROACHES USED FOR BIS-PAs
Again, a l l  syn theses of b is-phosphatid ic  ac id s  rep o rted  u tilize  rou te  A. 
T hus, B a e r ^  using phenyl phosphorodich loridate LVIII (Z = O P h)as phosphory lating  
agent p rep a re d  bis-PA  accord ing  to  Scheme V; (XXXVII, R = C ^ H g ,.; R = C ^ H ^ ;  
and R = C ,H „ ) in a lm o st quan tita tive y ie lds. When phosphorus oxychloride\o ^
(LVIII, Z = C l) w as the phosphorylating agent the y ie lds dropped to 66% o r 
28%12 fo r  XXXVII (R = C ,_ H .„ )  and 26% for XXXVII (R = C ._ H , . ) 12. A bis-PA
O  2  1  /  «J 1  / i  *
(IX, R = R = C 17H33> R = C 15H31> R = C 17H3 5 ) h as  been syn thesized  ’ 
a s  shown in Schem e VI.
* No ex p e rim en ta l d e ta ils  w ere  given. Data on th is  bis-PA  can  be found in re f .
17. It should be noted that the configuration of bis-PA  in re f . 17 is  w rongly 
p rin te d . The c o r r e c t  one is  a s  in re f. 6b o r  h e re , s tru c tu re  IX.
i i i )  Following Schem e IV (a m odification  of Schem e II) Shvets e t  a l  p rep a re d  
acid  L (R = R 1 = C ?H33> Y = C ^ H ^ C O - J in  46% yield  and ac id  L (R = R 1 = 
C 17H31, Y = C 1?H3 1 CO) in 41% yield . 
b) of v a rio u s  S tru c tu re s .
DPG deoxy analog (XIX, R = C _H , , y=  1) has  beèn sy n th e s iz ed  by a p ro c e d u re
^  J1  13
analogous to Schem e I in 11.5%  yield  . A ca rd io lip in  p la sm a lo g en  of the
1 14
s tru c tu re  LVII (R = C 14H29’ R = C 1 7 H3 5  ^h as 1)6611 syn theslzed  in 75% yield  
on XLVIII in a m anner analogous to  th a t shown in Schem e I and in  64% y ie ld 11 
when Schem e III w as em ployed.
1 2
RCH = CHO-i rOPO----
R ^ O O -OCOR1 -O C O R 1
•OPO- -O C H  = CHR
c / V
LVII
It can be sa id  th a t the ch em ica l syn theses of DPG of s t r u c tu r e  X involve
a m u ltistep  p ro ced u re  com bined w ith a ra th e r  poor y ie ld , e x c e p t that of S aunders 
9
and Schw arz w hich a p r io r i  seem s to  be quite p rom ising .
2 -D  SYNTHETIC APPROACHES USED FOR BIS-PAs
Again, a ll sy n th eses  of b is-p h o sp h a tid ic  ac id s  re p o r te d  u tilize  ro u te  A. 
T hus, B aer1'1 using phenyl phosphorod ich lo ridate  LVIII (Z = O P h )a s  phosphory la ting  
agent p rep a red  bis-PA  acco rd in g  to  Schem e V; (XXXVII, R = C ^ H g ,.;  R = C ^ H ^ ;
and R = C _H„_) in a lm o s t q u an tita tiv e  y ie lds. When p h o sp h o ru s  oxychloride
^  16 
(LVIII, Z = C l) w as the phosphory lating  agent the y ie ld s  d ro p p ed  to  66% o r
28%12 fo r XXXVII (R = C ._ H ,, ) a n d  26% for XXXVII (R = C . , H „ J 12. A b is-P A
3 \ 2 1 / o1 /i *
(IX, R = R = C i 7H33> R = C ^ H ^ ,  R = C 17H35) h a s  been sy n th esized  ’ 
a s  shown in Schem e VI.
* No ex p e rim en ta l d e ta ils  w ere  g iven . Data on th is  b is-PA  c a n  be found in re f . 
17. It should be noted that the configuration  of bis-PA  in re f .  17 is  w rongly 
p rin ted . The c o r re c t  one is  a s  in re f .  6b o r  h e re , s tru c tu re  IX.
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Bis-PA (XXXVII, R = C 17H35) has been iden tified  and iso la ted  as  a
by-product from  PG sy n th es is^ , w here phosphorous oxychloride reac ted  with
1, 2-d is te a ro y l-sn -g ly c e ro l in 1 : 1 m o la r ra tio  in the p re se n c e  of pyrid ine in
d ry  ch lo ro fo rm . T h is lipid w as a lso  found to be a by -p roduc t in the syn thesis  
18of PC w here  1, 2 -d ia c y l-sn -g ly c e ro l rea c te d  w ith phenyl phosphorodich loridate
LVIII (Z = OPh)in the p re se n c e  of 1 equivalent of py rid in e  in d ry  ch lo ro fo rm .
18It w as observed  that the  form ation  of bis-PA  a s  by -p roduc t in c reased  a s  the 
chain length of the d ig ly c e rid e s  used d ec reased ; thus, the ra tio  of the co rrespond ing  
bis-P A /PC  w as 1/8, 1 /4  and 1/3 when d ig ly c e rid e s  XLI (R = C ^ H ^ ;  R = C ^ H ^ ;  
and R = C ^ f ^ J w e r e  used , re sp e c tiv e ly .
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C H A P T E R  3
M A T E R I A L S  A N D  M E T H O D S
3-A MATERIALS
A .  ) Solvents
A ll so lvents used w ere  of an a ly tica l quality . D ry ch lo ro fo rm  and
d ich lorom ethane w ere  obtained by re d is t il la tlo n  o v er P2Og. TH F (analy tical
g rad e ) w as found to have im p u ritie s  d e tec tab le  by TLC  (s il’ica ge l N, E t20 /
hexanes 3 /1 , R p  0 .3 0  and 0. 60, sp ray e d  w ith 35% H2SC>4 and c h a rrin g ). T hese
im p u rities  a r e  not rem oved by ch rom atog raphy  on b a s ic  alum ina, but they a re
rem oved by d is tilla tio n  over LiAlH^ and the solvent obtained is  r e fe r re d  to a s
d ry  THF in the tex t. T rie th y lam in e  and pyrid ine  w ere  refluxed  and d istilled
from  KOH and s to red  ov er KOH p e lle ts . A ll o th e r  so lven ts used w ere  purified
19accord ing  to  standard  m ethods . Solvents used a s  e lu en ts  in colum n 
chrom atography w ere  red is tille d , excep t fo r E t^O . Hexanes r e f e r  to the 
fraction  65 - 70°C.
In the U .S .A . so lven ts F is h e r  AR kept o v er A4 m o le cu la r s ie v es  w ere  
used without fu rth e r  pu rifica tion .
B . ) C hem icals
A ll chem icals w ere  of the h ig h est p u rity  co m m erc ia lly  ava ilab le  and in 
m ost ca se s  w ere  purified  before u se .
3-B INSTRUMENTAL
a) NMR sp e c tra  w ere  taken on:
i)  Perkin E lm e r (m odel R -12 ) 60 MHz fo r  1H, 
o r l i)  V arian  (model E M -360) 60 MHz fo r  1H,
o r  iii)  B ruker (model WH90) a t  90 MHz fo r  1H and a t 36 .43  MHz fo r 3 1P*. 
Peaks a re  designated  by the  chem ical sh ift (#) in p a r ts  p e r  m illion 
followed, in b rac k e ts , by the m u ltip lic ity  (s = s in g le t, d = doublet, t = tr ip le t.
We thank Dr D. Couch fo r runn ing  B ruker sp e c tra .
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q = q u a r te t ,  q t = qu in te t and m  = m ultip le t), the sp in -sp in  coupling co n s tan t (J) 
in Hz, and the in teg ra tion  H fo r  hydrogens.
b) IR s p e c tra  w ere  taken w ith a Perk in  E lm e r  (m odel 257) g ra tin g  in f ra re d  
sp ec tro p h o to m e te r. C alib ration  of sp e c tra  w as done on the 3027.1 a n d /o r  
1601.4 peaks of po lysty rene sp e c tru m . Peaks a r e  designated  by th e ir  w ave 
num ber (cm  1) a s  stro n g  (s), m edium  (m), weak (w), very  weak (vw).
c) GLC an a ly ses  w ere  c a r r ie d  out with a Honeywell Fand M (m odel 720) dual 
colum n, p rog ram m ed  te m p e ra tu re , gas  ch rom atog raph .
d) m e ltin g  points w ere  de term in ed  by an E le c tro th e rm a l m elting  point ap p a ra tu s  
in open c a p illa r ie s  and a re  c o rre c te d , un less  o th e rw ise  s ta ted . M elting points 
of so ft, low m elting  substances w ere  de term in ed  on hot stage m elting  point 
a p p a ra tu s .
e )  o p tic a l ro ta tio n s w ere m easu red  with a Bendix NPL au tom atic  p o la r im e te r
2
(m odel 143D) using a 1.00 cm  x 0. 708 cm  c e ll. The in s tru m en t w as c a lib ra ted  
w ith a  s tandard  su c ro se  so lu tion .
f) UV sp e c tra  w e re  reco rd ed  on a Pye-U nicam  (m odel SP800) u ltra v io le t 
sp ec tro p h o to m e te r in q u artz  c e lls . They a r e  g iven  a s  Xm ax in nm , follow ed by 
the m o la r  ex tinction  coeffic ien t ( t ^ ) .  C a lib ra tio n  of sp e c tra  w as done using  a 
H olm ium  f i l te r  (360. 9 * 0. 75 nm peak).
3 -C  METHODS (genera l d esc rip tio n )
a) G lassw are  w as d ried  a t 110° overnight o r  w as flam ed and then  cooled  to  RT 
o v e r P^O j.
b) M oistu re  se n s itiv e  rea c tio n s  w ere  c a r r ie d  out under N^ o r  A r b lan k et.
c )  Bulk rem oval of low boiling  so lven ts w as done w ith a Biichi ro ta ry  ev a p o ra to r  
a t 20°C /10  mm and h igher boiling so lven ts, such a s  AcOH, a t 2 0 °C /0 . 35 mm. 
D rying in vacuo r e fe r s  to 20°C /0 . 1 - 0. 3 m m .
d) T h in  lay er ch rom atography  (TLC). P la tes 20 cm  long w ere  used . S ilica gel 
N fro m  M acherey, Nagel and Co. was m ostly  used  un less  o th e rw ise  s ta ted  (this 
being  s il ica  gel H, Type 60, ca t. 7736 from  M erck). The ab so rb en t w as s lu rr ie d  
in d is tille d  H^O o r  in 0 .4  M H^BO^ and the la y e rs  had 0. 25_auji-th ickness. The 
p la te s  w ere  ac tiva ted  by overn igh t heating a t 120°C and then s to red  o v e r s ilica  
ge l (se lf-in d ica tin g ) in a c lo sed  box and they w ere  used in le s s  than one week
K)*J
fro m  th e ir  p re p a ra tio n . M icro s lid e -co ated  TLC w as used fo r  m on ito ring  re a c tio n
p ro g re s s  o r  co lum n e lu a te s . Developing so lvents w ere  f re sh ly  p re p a re d  fro m
purified  so lven ts and a r e  designated  a s  v /v  ra tio s . V isua lization  w as  c a r r ie d  out
20by sp ray ing  w ith  e i th e r  35% H2S 0 4 o r  Z inzadze reagen t follow ed by c h a rr in g , 
u n le ss  o th e rw ise  s ta te d . W herever po ssib le , s ta n d ard s  w e re  alw ays c o ­
ch ro m ato g rap h ed . With the Z inzadze reag en t sp ray , p h o sp h o m o n o este rs  and
p h o sp h o d ie s te rs  ap peared  as  blue spo ts on sp ray ing  w hile p h o sp h o tr ie s te rs  w e re
21
co lo u rle ss  w hen "co ld" but gave blue spo ts on c a re fu l hea ting  .
TLC  on M N -D E A E -cellu lose (M acherey, Nagel and Co. ) w as  c a r r ie d  out 
a s  follows: A s lu r r y  in d is tilled  H20  w as applied to  20 cm  p la tes  a t  0. 25 mm  
th ick n ess . A fte r  a ir -d ry in g  the p la te s  w ere  developed in  g la c ia l AcOH to co n v e rt 
D E A E -cellu lose  to  i ts  ace ta te  fo rm . Then they w ere  a i r - d r ie d  and kept o v er 
s il ic a  gel. V isu a liza tio n  fo r  DPG w as effected , though not w ith g r e a t  se n s itiv ity , 
by exposu re  of the p la te  to iodine vapours followed by 1% s ta rc h  aqueous so lu tion  
sp ray , g iving a w hite spot on a b lu ish  background. With Z inzadze rea g en t and 
Rhodam ine 6G (0. 01% solution in  H20 )  no spo ts w ere  d e tec tab le . T he p la te s  
w e re  used a s  a  rough guide only,
e )  Column ch rom atog raphy .
i)  A dso rp tion .
F is o n 's  s il ic a  gel 80-200 m esh w as g en e ra lly  u sed . F lo r is i l  (60-100 m esh;
22Hopkins, W illiam s), a c id - tre a te d  F lo r is il  and a c id - tre a te d  F lo r i s i l  con tain ing  
2310% w/w  H„BO„ w ere  used w here  ind icated . In the U .S .A .,  the  iso la tio n  of o o
fully  p ro tec ted  DPG w as c a r r ie d  out on s il ic a  gel 60 (70-230 m esh; ca t. 7734; 
M erck). S ilic ic  acid  AR (100 m esh , M allinckrodt), hy d ro x y lap a tite  (B io-Rad) 
and n e u tra l a lum ina (Woelm) a r e  c ited  in the tex t. A lw ays, a  s lu r r y  of the 
ad so rb en t in  the f i r s t  eluent w as p rep a re d , poured in to  a colum n to  give a 
su itab le  h e ig h t- to -d ia m e te r  r a t io  and then the colum n w as w ashed  with 1 - 2  
colum n volum es of the sam e eluen t. E lution of com pounds w as a lw ays m on ito red  
in th e  e lu a te s , w ith o r  w ithout p r io r  concen tra tion , by TLC .
ii)  A nion-exchange.
W hatm an advanced fib ro u s D E A E -cellu lose DE 23 (fines reduced ) w as
24used . P re -c y c lin g  w as c a r r ie d  out a s  describ ed  by R o u ser et a l . 15 g of the 
d ried  m a te r ia l  w as swollen overnight in g lacia l AcOH and then poured  in to  a
2. 5 cm colum n o v er a g la ss  wool plug and Teflon stopcock , to  g ive  a 22. 5 cm
DO
heigh t. U nder th is  packing azulene w as elu ted  by CHCl^ betw een 75 - 85 and 
120 -  130 m l. The colum n w as w ashed befo re  use by:
a ) MeOH 200 m l
b) M eOH/CHClg 1/1 200 m l
c ) CHC13 200 m l
and w as c leaned  a f te r  a ch ro m a to g rap h ic  se p a ra tio n  by 200 m l C H C l„/M eO H /
m l “
cone. NH^/AcONH^ 4 /1 /2 0  — /5 0  mM followed by:
a )  200 m l MeOH
b ) 200 m l g la c ia l AcOH
and w as left in  th is  so lven t betw een app lica tion . No change in re so lu tio n  w as
o bserved  a f te r  ca . 20 e x p e rim en ts . Flow ra te s  w ere  under g rav ity  betw een
1 . 2 -  2. 1 m l/m in  and the load v aried  betw een 50 and 500 mg w ithout change in
reso lu tio n  o r  fra c tio n s  in w hich DPG elu ted .
S ev era l t r ia ls  w ere  c a r r ie d  out using  v ario u s  com binations of C H C l„/M eO H /o
AcONH^ o r  of C H C l^ /g lac ia l AcOH/AcONH^. The second solvent sy s te m  w as 
found to g ive sa tis fa c to ry  re so lu tio n  a s  d esc rib ed  la te r  on. C h rom atog raph ic  
se p a ra tio n s  w e re  c a r r ie d  out a t 18 - 19°C and the fra c tio n s  w ere  exam ined  by 
20 cm  TLC a f te r  concen tra tion .
3 -D  ELEM ENTA L ANALYSES
T hese w ere  done by:
a )  A. B ernhard t, W. G erm any, __ __  —-
b) BMAC; The B utterw orth  M icroanaly tica l C onsultancy L td ., Teddington, 
M iddlesex ,
c )  CHN A n aly s is  L td . , South W igston, L e ic e s te r ,
d ) in U .S .A . by G alb ra ith  L ab o ra to rie s  In c ., K noxville, Term.
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C H A P T E R  4
P P G  S Y N T H E S E S  B A S E D  O N  T H E  C L A S S I C A L  M E T H O D S
V
4-A INTRODUCTION
A t the ou tset, an exam ination  of the c la s s ic a l m ethod outlined in Schem e 
VII w as m ade, using ra c e m ic  m a te r ia ls ,  to check its  e ffec tiveness and e a se  of 
execution . T his expanded schem e is  b a s ic a lly  s im ila r  to Schem e I (ch ap ter 2 )  
used by the Dutch g roup  .
In an a ttem p t to  dev ise  a p ro c e d u re  by which the s tep s from  the m om ent 
of in troduction  of the fa tty  acyl m o ie tie s  up to the iso la tion  of pure DPG a r e  kept 
to a  m inim um , we tr ie d  the sequence of reac tio n s  shown in Scheme VIII. A fter 
con v ersio n  to its  s i lv e r  sa lt compound LXX could then be reac ted  with XLI to 
give XLIX, which, in  two fu rth e r  s te p s  (XLIX -* L -» X) would afford the 
d e s ire d  DPG.
9
We a lso  tr ie d  the method of S aunders and Schwarz as  depicted  in 
Schem e II (chap ter 2) because of i ts  few  steps and the claim ed 50% o v e ra ll yield.
4-B EXPERIMENTAL FOR SCHEME VII
D ata on the p rep a ra tio n  of v a r io u s  in te rm ed ia te s  a re  tabulated in Table VI.
33S ilver d ibenzyl phosphate, LXVII, w as p rep a re d  via its  barium  sa lt a s  
d e sc r ib e d 33  and w as fu r th e r  purified  by  repeated  w ashings31. M .p. 226-7° (dec). 
[L it .  270° (dec)31, 229-231° (dec)33, 215° (dec)30] . Purity  98-99% determ ined  
by t i tra tio n  with SCN using  f e r r ic  a lu m  ind icator.
1, 3 -d iio d o -te rt-b u to x y  p ropane, XLVIII, (Y = C M e,)w as  p repared  a s  follows:
°  19A solution  of 36. 8 g  (0. 285 m o l . ) 1 ,3 -d ich lo ro -2 -p ro p an o l (Koch-Light; nD
1.4831) and 150 g (1 m o l . ) Nal in 250 m l d ry  acetone w as refluxed with s t i r r in g
in the d a rk  fo r  60 h. The cooled re a c tio n  m ix ture w as filte red  and w ashed with
d ry  ace tone . Solvent w as rem oved and the resid u e  w as ex trac ted  w ith E t20
(5 x 40 m l). The e th e r  lay er w as w ashed  with d ilu te  aqueous N a ^ O ^  and then
w ith w a te r  and d ried  (N a .S C rT ^R em oval of e th e r  and fractional d is tilla tio n  in i  4
the d a rk  afforded 76 g  (86%) pale yellow  o il. ' B. p. 90 -4°C /0 . 4 mm, pure  by 
TLC (s ilic a  g e l N; E t20 /h e x a n e s  1 /2 , R p  0. 40) n ^8 1.642. [ Lit. 7 n ^3 1 .6 6 5 0 ].
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T he com pound turned  b lue a f te r  6 days a t -20°C  in the  d a rk , tightly  c lo se d .
IR ( n e a t ) : 3380 (s), 2950 (w), 1410 (s), 1190 (s), 1175 (s), 1095 (m), 1068 (m),
995 (s), 940 (w), 895 (w), 785 (w).
1H NMR (CC14> TMS) : 3. 80 (m, 1H, CH), 3 .4 0  (d, 3 .3 5 , 4H, C i y ) ,  2 .7 0  
(broad, 1H, OH).
A so lu tion  of 10 g  (0.032 mol ) of fre sh ly  p re p a re d  1, 3 -d iio d o -2 - propanol 
in  50 m l d ry  CH2C12 in a p re s s u re  bottle w as cooled to  0°C and g aseo u s  isobutylene 
w as passed  through the solu tion  fo r  10 m in. C a. 0 .5  m l cone. H2S 0 4 d isso lved  
in  20 m l d ry  CH2C12 w as slow ly added to the above so lu tion  (caution: foam ing).
T he solu tion  rap id ly  tu rned  v io le t and finally , brow n. Then, a d m iss io n  of 
isobuty lene w as continued fo r  2. 5 h a t 0°C . The b o ttle  w as stoppered  and the 
m ix tu re  w as s t i r r e d  in  the d a rk  fo r  60 h at 20°C; d u rin g  tha t period the  colour 
w as b lue. The rea c tio n  m ix tu re  w as again cooled to  0°C  and the e x c e s s  gas  w as 
le ft to ev ap o ra te  slow ly w ithout s t i r r in g  in a  w ell ven tila ted  p lace . T L C  (silica  
g e l N; E t20 /h e x a n e s  1 /2 )  showed the product R p  0 .9 5  and som e s ta r t in g  m a te ria l 
R p  0 .4 5 . S aturated  aqueous I^C O ^ w as added to n e u tra liz e  the H ^ O ^ . E x trac tion  
w ith E t20  (3 x 20 m l) and d ry ing  (Na2SC>4 ) afforded a pale yellow so lu tion . 
E vaporation  of e th e r  gave a blue liquid. TLC (s ilic a  g e l N; E t20 /h e x a n e s  1/2) 
rev e a le d  the p re se n ce  of s ta r t in g  m a te r ia l and TLC  in hexanes re v e a le d  the 
p re se n c e  of a fa s t-ru n n in g  blue im purity , p robably  "d iisobu ty lene" by iodine 
v isu a liza tio n . P urification  w as attem pted  by sh o rt, fa s t colum n ch rom atog raphy  
in  the d a rk .
a )  Rem oval of s ta r t in g  m a te r ia l .
S ilica  gel: 20 g
Solvent: E t20 /h e x a n e s  1/2
F ra c tio n s : 15 m l /
Flow ra te : > 5  m l/m in
The product, f re e  of s ta r t in g  m a te r ia l, w as co llec ted  in  the f i r s t  th r e e  frac tio n s.
22 1
W eight 8 .8  g  (75%) n ^  1.5210. H NMR (CCl^, TM S) showed p re se n c e  of peaks 
a t j  0 .9 0  and 1 .1 0  ind icative of hydrocarbon.
b) R em oval of "d iisobu ty lene".
S ilica gel: 20 g
Solvents: i) hexanes (30 m l) a t flow ra te  2 m l/m in
li)  E t2<D (80 m l) a t flow ra te  > 5  m l/m in
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F rac tio n s: 10 m l
Im p u ritie s  w ere  e lu ted  in frac tio n s 1 - 2 .  P roduct obtained in fra c tio n s  4 - 1 1
w as pure by TL C  (s ilic a  g e l N; E t.O /h ex an es 1 /2  R 0. 95; hexanes R p  0. 36).
i  21 ** ^
W eight 7 .2  g  (61%) of pale yellow liquid, nQ 1 .5 5 1 7 .
IR (neat) : 2960 (s), 2882 (m), 1465 (m), 1410 (m ), 1390 (m), 1365 (s), 1318 (m), 
1233 (m ), 1212 (m), 1195 (s), 1170 (s), 1090 (m), 1055 (m), 1017 (s), 
898 (m ), 820 (w), 792 (w), 735 (w).
1H NMR (CC14, TM S) : 3 .32  (s, 5H, CH2CHCH2 ); 1 .24 (s, 9H, CM£3 ).
A sam ple w as rech rom atog raphed  for elem en ta l a n a ly se s , but it proved to  be 
unstab le during  the  sealing  p ro ce ss  (from  pale ye llo w , it tu rned to  b lue). The 
Dutch group^ experienced  s im ila r  d ifficu lties.
1, 3 -b is [b e n z y l-(1 ', 2 '-d is te a ro y l- ra c -g ly c e ro ) -3 ’-phospho ry ll g ly cero l 2 - te r t -  
butyl e th e r . XLDC, (R = R 1 = C 17H35, X = CH2Ph, Y = C M e.j)w as p rep a re d  by 
a m anner analogous to that desc rib ed ^  a s  follow s:
A solution of 368 m g (1 m m ol ) of fre sh ly  p re p a re d  1 ,3-diiodo-b-butoxy p ropane
and 1.9 5  g (2. 15 m m o l) d ried  sa lt XLVII (R = R^ = C ^H g ,., X = CH2Ph) in d ry
toluene (20 m l) w as heated a t 120°C w ith v igo rous s tir r in g , in  the d a rk , fo r  3 h.
The reac tion  w as followed by TLC (E t20 /h e x a n e s  1/1 gave the fo rm ation  of the
product; C H C l./M eO H  9/1 revealed  the d isa p p e a ra n c e  of the s a lt XLVII). No o
fu rth e r  p ro g re s s  w as noted a f te r  70 m in. The h o t reaction  m ix tu re  w as filte re d  
and washed w ith som e w arm  toluene. Removal o f solvent and d ry ing  gave a 
yellow solid im p u re  by TLC. Purification  w as c a r r ie d  out on s il ic a  gel (55 g ) in 
E t20 /h e x an e s  1 /3 , the compound being d isso lved  in m inim um  am ount of the 
sam e solvent sy s tem .
a )  E t20 /h e x a n e s  1 /3  (350 m l) eluted m ost of th e  im p u ritie s .
b ) E t20 /h e x a n e s  1/1 (775 m l) eluted som e im p u r it ie s  and product.
c )  CHC13 (950 m l) afforded the product, 560 m g  (34%) a s  w hite solid , m . p. 4o°C, 
pu re  by TL C  (s ilic a  gel N; E t20 /h e x a n e s  1 /3  R p  0.08; E t20 /h e x a n e s  1/1
R p  0. 25; CHClg/M eOH 9/1 R p  0. 80).
IR (CC14) : 2930 (s), 2850 (s), 1745 (m )  1460 (w ), 1238 (w), 1150 (w), 1035 (w). 
60 MHz 1H NMR (CC14> TMS) not v ery  well re so lv e d : 7 .28 (s, 10H, A r-Pl);
5 .1 0  (m, 6H, RCOOCH and A rCH 2 ); 4. 10 (m, 13H, 
RCOOCH2 and P -0 -C H 2 and M e£0-CH); 2. 20 (m, 
8H, CHjCOO-); 1. 24 (s, 129H, -C H j-  and M£3C);
0.88 (m, 12H, CH.J-).
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Barium  sa lt of 1, 3 -b is [ (1 ',  2 '-d is te a ro y l-ra c -g Iv c e ro )-3 '-p h o sp h o rv l1  g ly c e ro l
2 - te r t-b u ty l e th e r , L, (R = R 1 = C ^ H ^ ,  Y = CMe3 >. D ebenzylation w as c a r r ie d  
out a s  d esc rib ed ^  by Bal^. A w hite solid  w as  obtained in 51% yield , m .p . 207 C. 
TLC  (s ilic a  gel N, C H C lg/M eO H /c. NHg 7 0 /2 0 /1 .5 )  showed the product R p  0. 60
and tra c e s  of an im p u rity  R „  0. 11.
Jr
Barium  sa lt of 1, 3 -b is [  ( 1 2 '-d is te a ro y l-ra c -g ly c e ro ) -3 '-p h o s p h o ry l l  g ly c e ro l,
X, (R = R 1 = C _H ). Its  p re p a ra tio n  w as a ttem pted  by a p ro ced u re  based on 
7  17 35 ^
tha t given fo r th e  co rresp o n d in g  s a lt of X (R = C ^ H ^ ,  R = The
pu rifica tio n  of the p roduct could not be ach ieved  a s  d esc rib ed ^  because we found
tha t the compound w as insoluble in Et^O (0. 3 m l/m g ) and in E t2 0 /M eOH 1/1
(up to  0. 2 m l/m g ). S im ila rly , it w as not so lub le  in CHCl^ (up to 0. 2 m l/m g ).
P urification  w as c a r r ie d  out by p re c ip ita tio n  of a  CHCl^ suspension  by d ry  ace tone .
Yield 63% of w hite so lid , m .p . 200°C. T L C  (s ilic a  ge l N; C H C lg/M eO H /c. NH^
7 0 /2 0 /1 .5 )  showed the p roduct R _  0 .58  and t r a c e s  of im purity  R _  0 .6 0  (s ta r tin g
r  r
m a te ria l) .
IR (CHClg) sp ec tru m  very  w eak due to  in so lu b ility  of the p roduct in CHCl^ :
3700 (w), 3610 (w), 2930 (s), 2855 (s), 1740 (m), 1605 (w), 1468 (w), 
1230 (m ), 1100 (m).
We tr ie d  to co n v e rt the b ariu m  s a lt  of X to  i ts  sodium  s a lt  by suspending 
206 mg of the com pound in ca . 50 m l CHCl^ and shaking w ith 25 m l 10% w /v  
aqueous Na^SO^. A te r r ib le  em ulsion  re su lte d  in g re a t lo sse s , and ap paren tly  
v e ry  little  o r  no exchange took p lace  a s  judged from  its  m .p . (c a . 200°C).
4 -C  EXPERIM ENTAL FOR SCHEME VIII
2 -T e r t-b u ty lg ly c e ro l 1 ,3 -b is(d ibenzy l phosphate). LXIX. A solution of 16 .0  g 
(41 .6  m m o l) of s i lv e r  dibenzyl phosphate, LXVII , and 6.961 g  (18.9  m m ol) 
of XLVIII in d ry  benzene (180 m l) w as refluxed  in the d a rk  under vigorous 
s t i r r in g  fo r  4 h. T he hot rea c tio n  m ix tu re  w as filte re d  and the p rec ip ita te  w ashed 
w ith w arm  benzene. E vaporation  of so lven t afforded 1 1 .0 g  of yellow -brow n oil 
im pure  by TLC . 4. 85 g of th is  o il d isso lv ed  in m inim um  am ount of e th e r  w as 
applied to  a 200 g s i l ic a  g e l. E th e r  (1125 m l) eluted im p u ritie s . M ore Et^O 
(1700 m l) and E t2 0 /M eOH 1/1 (300 m l) e lu ted  the compound a s  a dark  brown sy rup  
pure by TLC  (s ilic a  gel N; E t2<I); Rp  0. 58). Drying fo r 7 days in vacuo gave
• « m i w o i i P  i f *  r*?
JM
74
2. 90 g (60%) of oil w hich w as im pure  by TLC (E t20 ; im purity  R p  0 .1 0 ). The
compound re ta in s  MeOH tenaciously , fo r  a f te r  7 days vacuum pum ping NMR s ti l l
showed p re se n ce  of t r a c e s  of MeOH.
A ttem pted pu rifica tion  on A lum ina (neu tra l, g rade 1) w as u n su ccessfu l
because the compound did not elu te  even  with MeOH. Alum ina (n eu tra l, g ra d e  5)
did not se p a ra te  the product from  im p u ritie s . A 19% yield w as obtained by
ano ther p rep a ra tio n  (benzene, 80°C, 20 h reac tion  period) in w hich  the product
(15 g ) in benzene (290 m l) w as pu rified  by perco la tion  onto a s i l i c a  gel (250 g)
column, followed by elu tion  with E t^O  (660 m l), the f ir s t  300 m l o f which eluted
XLV1II (9.5%  rec o v e red ) identified by NMR and IR. The r e s t  (360 m l) of the
24Et^O elu ted  the product a s  yellow ish o il, n ^  1.5485, pure by T L C  (silica  gel N;
E t.O /h ex an es 1/1; R 0 .40), but not analy tically  pure:2, r
Found (B ern h a rd t) : C 52. 41, H 5. 55, P 8 . 93%. C ^ H ^ O ^  (M . W. 668 . 64) 
re q u ire s  C 62. 86 , H 6. 33, P 9. 26%.
IR ( n e a t ) : 3060 (w), 3030 (w), 2970 (m ), 1455 (m), 1370 (m), 1280 (s), 1220 (m), 
1190 (m), 1020 (s), 880 (m ), 740 (m), 700 (m).
1H NMR (CC14, TMS) : 7 .28  (d, 2. 67, 14H instead  of 20H, A r-H ); 4 .98  and 4 .3 0  
(pair of d, 8 .7 0 , 5. 6H instead of 8H, A r-C H 2); 3 .9 0 ,
3. 42 and 3. 07 (m ultip lets cen tred  a t th e  ind icated  fi values, 
5 . 6H instead  of 5H, CH2CHCH2); 1 .1 4 ( s ,  9H, CM£3 >. 
Selective m ono-debenzylation  of the dibenzyl phosphate LXIX w as 
attem pted  using Nal and Bal2 in d ry  acetone. The expected p ro d u c t LXX, e i th e r  
a s  i ts  sodium  o r b ariu m  sa lt, w as so lub le in acetone and in w a te r  and its  
pu rifica tion  from  benzyl iodide and e x c ess  sa lt could not be ach ieved  by 
p rec ip ita tion . Debenzylation using N -m ethyl m orpholine follow ed by rem ova l of 
ex cess  base and trea tm e n t with s i lv e r  n itra te  in ace to n e-w a te r, s im ila rly  gave 
no p rec ip ita te . Purification  could probably  be achieved by ion-exchange 
chrom atography, but the m a tte r  w as not pursued fu rthe r.
4 -D  EXPERIMENTAL FOR SCHEME II
C ls -2 -p h e n y M , 3 -d ioxan-5 -y l benzyl e th e r w as p repared  fro m  1 ,3-0-benzylidene 
g ly cero l (whose p rep a ra tio n  is  d isc u sse d  in C hap ter 5) ac co rd in g  to Porck and 
C ra ig ‘S  in 79% yield , pure by TLC (s ilic a  gel N; E t20 /h e x a n e s  1/3 R p 0. 23),
/  xJ
m .p . 75-6° [ l i t . 36  7 7 -8 °] .
IR (CC14 ) : 3060 (w), 3030 (w), 2970 (w), 2845 (m), 1492 (w), 1450 (w), 1382 (m), 
1337 (m), 1275 (w), 1233 (w), 1150 (s), 1090 (s), 1005 (s), 857 (s),
690 (s).
1H NMR (CC14> TMS) : 7. 18 (m, 10H, A r-H /, 5 .3 2  (s, 1H, ArCH); 4 .48  (s, 2H, 
A rC H 2 ); 3 .9 4  (q u arte t, 12 .00 , 4H, 0C H 2CHCH20);
3 .1 3  (m, 1H, OCH„CHCH O).
2 -0 -B en zy lg ly ce ro l, LII (Y = CH2Ph), w as p re p a re d  a s  d e sc r ib e d  in 78% yield , 
pu re  by T L C  (s i l ic a  g e l N; CHC1 /M eO H /c . NH 6 5 /2 5 /5 , R 0. 72), m .p .  3 7 -8° 
[ l i t . 36  3 7 -9 °]  .
IR (CHC1„) : 3580 (m), 3440 (m), 3000 (m ), 2930 (m), 2880 (m), 1495 (w), 1455 (m),
«5
1390 (m ), 1350 (m), 1210 (m), 1100 (s), 1060 (s), 910 (m ).
1H NMR (CDC13> TMS) : 7 .3 0  (s, 5H, A r-H ); 4 .5 7  (s, 2H, A rCH ,,); 3 .6 2  (m , 4H,
CH2CHCH2); 3 .5 0  (m , 1H, CH2CHCH2 ); 2 .8 2  (s, 2H, 
-OH).
The p re p a ra tio n  of 1, 2 -d is te a ro y l- s n -g ly c e ro l , 1 ,2 -d ip a lm ito y I-sn -g ly c e ro l and
1, 2 -d im y r is to y l-sn -g ly c e ro l is d esc rib ed  in C h a p te r  6 . P hosphorus oxychloride
w as d is t ille d  ju s t  be fo re  use and o th e r  ch e m ic a ls  w ere  ca re fu lly  d r ie d . F la sk s
w ere  flam ed  and cooled in a d e s ic c a to r  o v er P .,0 ,.. T he phospho ry la tion  and
z  5 9
coupling r e a c tio n s  w e re  c a r r ie d  out exac tly  a s  d e sc r ib e d  excep t w e used tenth
sc a le . In a l l  c a s e s  b e fo re  quenching the phosp h o ro ch lo rid e  LIII w ith  w a te r , TLC
37(s ilic a  gel N; C H C lg/M eO H /c. NHg 6 5 /2 5 /5 )  re v e a le d  the p re s e n c e o f  12 com ­
pounds w ith  R 0. 00, 0 .0 6 , 0 .13 , 0 .19 , 0 .3 2 , 0 .3 9 , 0 .4 9 , 0 .5 6 , 0 .6 8 , 0 .7 3 ,
F  90. 83 and 0. 94 . Q uenching w ith w a te r  and w ash ing  a s  d esc r ib e d  in  a  ch lo ro fo rm -
w a te r  sy s te m  re su lte d  in  a p e rs is te n t em u lsio n  (s tab le  fo r  3 days a t  le a s t)
esp ec ia lly  a t  the  in te rfa c e . H ydrogenolysis of the rea c tio n  m ix tu re  contain ing
the p roduct LIV o v er Palladium  b lack  [Johnson, M atthey and C o . , London] fo r
9
24 h and su b seq u en t w ork  up a s  d esc r ib e d  affo rded  44% yield of a  m ix tu re  
con sis tin g  of a t  le a s t 6 com pounds by TLC (s ilic a  ge l N; C H C l^/M eO H /c. NH^
6 5 /2 5 /5 ) R _  0. 00, 0. 09, 0. 50 (DPG), 0. 71, 0. 85 and 0. 96 in c a . 2 - 3, 5, 3 - 10,F
10, 3 - 5  and 75 - 80% re sp e c tiv e ly . Two s i l ic ic  ac id  ch ro m a to g rap h ie s
9
(M allinckrod t, 100 m esh; ac tiva ted  and w ashed a s  d e sc r ib e d  ) cou ld  not f ish  out 
pu re  DPG in a l l  c a s e s .
4
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4-E DISCUSSION
In the hands of experienced  in v estig a to rs  the sequence of reac tio n s as
7 8dep icted  in Schem e VII afforded DPG in 26% and 4% yield from  XLI, involving 
6 s te p s  (XLI -* X) and req u irin g  ca refu l purification  of the in te rm ed ia te  com pounds. 
This sy n th e s is , though useful in providing evidence fo r card io lip in  s tru c tu re , is 
u n a ttrac tiv e  fo r  i ts  rou tine p repara tion  m ainly due to fhe many step s involved and 
to the use of highly photosensitive and unstable in te rm ed ia te s  (like the s ilv e r  
s a lts  and iodo-contain ing com pounds).
O ptim ization  of many of the steps would re q u ire  a considerab le investm ent 
of tim e  and e ffo rt and it is  unlikely to im prove the to ta l y ield above that of 26%. 
Schem e VII has two m e rits :
A) T he f ir s t  is the fac ile  p rep a ra tio n  of mixed acid XLI and m oreover th is 
m olecu le can contain  highly unsa tu ra ted  f. acyl m o ie tie s . Acylation of LXXII 
with le s s  than one equivalent of RCOC1 in pyrid ine g iv es r is e  to the form ation
° f LXVI: RCOO-i
HO*j  ^ LXVI
TLC rev ea led  tha t a t the sam e tim e sm all am ounts of RCOO
RCOO1l
and HO-i 
RCOOH
6b
a r e  produced; how ever, th ese  by-p roducts can be
rem oved  by c ry s ta lliz a tio n  from  organic so lvents a t low te m p e ra tu re s '
B) T he second m e rit  is  that the to ta l o r  sequential rem ova l of the benzyl group 
fro m  t r ie s te r s  of the type:
RCOO —1
R 1COOi
and RCOO —i
R 1COOM
*-0 —P —OCH„Ph
/ A  2
O OCH Ph
(Y = alkyl, like 
g lycero l, e t c . )
L o - P - O Y
/ A
O OCH Ph
X U V LXXI
can be ach ieved a t w ill e i th e r  by hydrogenolysis o r  by nucleophilic mono- 
debenzylation:
MM
a)
b)
30 38H ydrogenolysis ’ can  p roduce PAs from  XLIV o r  phospholip ids fro m  
LXXI, though only sa tu ra te d  ones.
39N ucleophilic o r  anionic m ono-debenzylation  can  be effec ted  by am in es  
o r  m etal iodides^**. T h is  m ethod is  sim ple and n e a t ^  and affo rd s 
phospholipids of high p u r ity  and y ie ld , and has been ex ten s iv e ly  applied  
fo r th e ir  chem ical synthesis**.
The m ain d isadvan tages of the sch em e a re  as  follows:
1) In te rm ed ia tes  containing cova len tly  bonded iodide a re  ligh t se n s itiv e  and so
31th e re  a re  d ifficu lties  in th e ir  handling  and s to rin g  . An e lim in a tio n  of th is
31draw back  w as sought by p re p a r in g  the b ro m id e s  in stead  of iod ides . H ow ever, 
the  use of the b rom ides in p la c e  of iod ides is  not recom m ended  by the Dutch 
sc h o o l**1 because:
i)  the b rom ohydrins a r e  le s s  re a c tiv e  than iodohydrins, and
ii)  the purification  of m ixed  acid  X U  w ith an u n sa tu ra ted  f. acy l 
res id u e  is  m ore  d ifficu lt due to  th e ir  unfavourable c ry s ta lliz a tio n  
p ro p e r tie s .
C r it ic is m  (i) and som e o th e rs **1 a r e  invalid  because the low er in tr in s ic  re a c tiv ity
31of b ro m id es vs iodides w as o ffse t by u sing  a d iffe ren t so lven t (MeCN) from  the 
tra d itio n a l benzene o r  to luene (used fo r  the coupling of iod ides w ith  s i lv e r  
phosphates).
2 ) In the ca se  of DPG, the la b ility  of the compound
} OY (XLVIII)
F ir s t ly ,  one should question  th e  use of a  p ro tec ted  d iiodide in stead  of an 
unp ro tec ted  compound (XLVIII, Y = H). A ttem pts to  sy n th esize  DPG by re a c tin g  
XLVII w ith XLVIII (Y = H) w e re  u n su ccessfu l ap paren tly  due to  the in s tab ility  of 
th e  in te rm ed ia te  t r ie s te r  (XLIX, X = CH-Ph, Y = H) having a  f re e  hydroxylic
g ^
function  on the ad jacen t c a rb o n  . S purious rea c tio n s  (whose n a tu re  w as not
d isc u sse d )  w ere  rep o rted  to o cc u r betw een s i lv e r  s a l ts  and com pounds in w hich
th e  iodo atom  w as ad jacen t to  a  f re e  -OH**1, P ro tection  of XLVIII (Y = H) w as 
7 8ach ieved  a s  t-bu ty l e th e r  o r  benzyl e th e r  . In the c a se  of t-b u ty l e th e r  (cf. Ref. 7 
and p re se n t w ork) the p ro d u ct could no t be obtained in  p u re  fo rm  and it w as found 
to  be a highly unstable liquid , which m akes its  p rep a ra tio n  and u se  qu ite  
cu m b erso m e and u n a ttrac tiv e . In the c a se  of the benzyl e th e r ,  the com pound w as 
p re p a re d  pure , a s  a high bo ilin g  oil, but the coupling gave a 12% yield  of p roduct
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XLIX (R = R 1 = C 15H31> X = Y = CH2Ph)8 . O ur coupling afforded a 34% of XLIX 
u sing  XLVIII (Y = CM e3 ).
When Y = fatty  acy l in  XLVIII the diiodide does not seem  to be e sp e c ia lly
unstab le , though no in fo rm ation  p e rta in in g  to th is  point has been published w h ere
.1 0 ,1 1 ,1 4  
it  w as used
3) The n a tu re  of the phosphory lation  s te p s . Though a halide in
LXXII
HO-)'
HO'l,
can  p rev en t iso m e riz a tio n  of acy l g ro u p s during  the p rep a ra tio n  of m ixed ac id
XLI, it cannot p rev en t th is  v e ry  iso m eriza tio n  du ring  the phosphorylation  s te p .
42Doubt w as ex p re sse d  from  B a e r 's  school a s  to the identity of phospholip ids
+ - 43
p re p a re d  acco rd ing  to  the RX + Ag OP p rin c ip le . V erkade and h is  a s s o c ia te s
d em o n stra ted  the o c c u rre n c e  of fatty  ac y l m ig ra tion  during  the phosphory la tion
(Schem e IX).
o r
e i th e r  RCOO— 
R 1COO-
- I
rac .X L I 
RCOO-i
R^O O J 
LXXIII
J  OX
A g O - P ^  (LX VI I)
^ O X
benzene , hea t
RCOO—| 
R1COOH
« - 0 - P - O X  
0 *  OX
rac.X L IV
X = CH .Ph, R = R 1 = C _H
X = Ph,
17 35
,1
R = R = C 17H35 
R = R 1 = p -  CH OPh —O
R = R^ = o, o -d im ethy l-p -n itropheny l 
SCHEME IX
ACYL MIGRATION DURING PHOSPHORYLATION B’. SILVER PHOSPHATES
They found that
a )  the rea c tio n  is  fa s te r  w ith  XLI than w ith LXXIII,
b) in a ll c a se s  th e re  is  a m ig ra tio n  of acy l m oiety f ro m  or to g position , and
c) the phosphorylation p ro d u c ts  w ere obtained in v e ry  good y ie ld s .
They explained th e ir  r e s u l t s  by the m echanism  shown in  Scheme X. They did not,
how ever, investiga te  w h e th e r indeed both iso m eric  t r i e s t e r s ,  viz. r a ç  XLIV and
LXXIV, w ere  form ed d u rin g  th is  " s ilv e r  ion a s s is te d  nucleophilic su bstitu tion"
of iodide in d iacy l g ly c e ro l iodohydrins by phosphate m onoanions. T h is  w as
32estab lish ed  recen tly  by A neja and Davies . It is  w o rth  m entioning tha t TLC of 
the w orked up product of th e  reaction : ra c  XLI (R = R^ = + LXVII (X =
CH^Ph) revealed  the p re se n c e  of 1 ,2 - and 1 ,3 -d ig ly c e r id e s , but could not rev e a l 
the p re se n ce  of the g - iso m e r  LXXIV.
RCOO-
RCOO-
ra c .  XLI •-I
(i)
r  d
RCOCH
cr
RCOO-i
RCOO-
( 0
i-I
LXXIII
[V»
RCOO-1
(ii)
.  M / OX 
° <
OX
LXVII
(Ü)
o  p x
r O —P —OX
RCOO-
RCOO-
rac  XLIV
RCOO-i
RCOOJ
n ^ o x
h o - P N
OX
LXXIV
SCHEME X
MECHANISM O F  ACYL MIGRATION (cf. SCHEME IX)
T h is  w as d em o n stra ted  by  220 MHz NMR. By fu r th e r  m anipulation  of the crude
rea c tio n  m ix tu re  they w e re  able to show the p re se n c e  of ca . 2% p - iso m e r LXXIV
T h is  by-product can  be m ostly  elim inated  by rep ea ted  c ry s ta lliz a tio n s  but
probably  cannot be rem oved  when colum n ch rom atog raphy  on s il ic a  g e l is  used.
32It was th e re fo re  suggested  that ch rom atog raph ic  p u rifica tio n  w henever used
should be followed by fra c tio n a l c ry s ta lliz a tio n , although th is  m ay not always be
p ra c tica b le , e sp ec ia lly  when unsa tu ra ted  XLI a re  used a s  s ta r t in g  m a te r ia ls .
43
F rom  the re a c tio n  m echanism , Schem e X, it is  evident th a t the nature
of R groups play no ro le  in  the step  (i) because  it is  the carbonyl oxygen which is
being attacked by the inc ip ien t ca rbocation , but it is  im p o rtan t in the step  (ii) a s
32
an  e lec tro n  w ithdraw ing  group  (-C ^O C O R ). A neja and D avies reckon  that 
although th is e le c tro n  w ithdraw ing effect m ight play a ro le , i t  is the s ize  of the 
incom ing nucleophile w hich m ostly  d e te rm in e s  the s ite  of a ttack  (C^ vs C^).
They th e re fo re  suggest the developm ent and u se  of LXVII with X b u lk ie r than 
-C H 2Ph in o rd e r  to a )  in c re a se  the reg io se le c tiv ity  to  reg io sp ec ific ity  for C^ 
and b) im p art c ry s ta lliz a b ili t ie s  to u n sa tu ra ted  p roduct XLIV.
4) F rom  the m om ent o f in troducing the fatty  acy l m o ie tie s  into
until the end p roduct i s  obtained, 6 s te p s  a re  re q u ire d . T his m ay not be 
d e trim en ta l when sa tu ra te d  f. acyl m o ie ties  a r e  u sed , but it g iv es  experim en ta l 
d ifficu lties w ith u n sa tu ra ted  and p a r tic u la rly  po lyunsa tu rated  acy l m o ie tie s . This 
is  a g en e ra l p rob lem  in  phospholipid ch e m is try  and, ideally , one should aim  to 
have the p o la r backbone of a phospholipid acy la ted  in  one o r  two ste p s  as the la st 
reac tio n s  of the sy n th e s is . T h is is the idea behind ro u te  B, C hap ter II, XLII -* 
XLIII, whose advan tages and lim ita tions have been rec en tly  d isc u sse d '’! ^
In an e ffo rt to  re a l is e  th is , in  the c a se  of DPG, we tr ie d  the p rep a ra tio n  
of LXX as in Schem e VIII. Compounds of the type LV (see Schem e III, C hapter 2) 
and th e ir  p re c u rs o r s  LXXV (X = C ^ P h ,  Y = fatty  ac y l)
HO
HOil LXXII
YO- LXXV
OX
10
have been p re p a re d  in good y ie ld  and p u rity , e .g .  LV (X = CH.Ph, Y = C ,H  -C O -) '" ;
11 ^ \o  ¿ /
(X = CH^Ph, Y = C ^ H ^ C O - )  . The deoxy e s te r  LXXVI has a lso  been p re p a re d  .
, O N a '
H + H
O - P \ OCH2Ph
OCH Ph
o - p '
O '  X 0 _Na
LXXVI
T h is  compound w as found to  be insoluble in acetone, benzene, MeOH, EtOH, TH F 
and CHClg and so lub le in H20 , ^ O -E tO H  o r  ^ O - T H F .  Its p re c u rs o r  LXXVI
(-C H  Ph in p lace  of Na+) h as  been obtained in ca. 29% yield from  F lo r i s i l  colum n
2 8 ch rom atography  .
In c o n tra s t,  our a ttem p t to p re p a re  LXIX and LXX thereo f w ere  no t very  
su ccessfu l. The reason  m ay be due to  the n a tu re  of the group Y in LV. Long 
chain  acy ls m ay confer a su itab le  hydrophobicity  to the compound LXVII and allow 
it to  p ass th rough  adso rben ts like s il ica  ge l re la tiv e ly  undegraded. T hey  m ay 
a lso  confer ac e to n e-in so lu b ility  of the sodium  and s ilv e r  s a lts  in LV. T h e  fact 
tha t the p re c u rs o r  of LXXVI w as obtained in ca. 29% yield from  a m agnesium  
s il ic a te  colum n strongly  su p p o rts  the notion that débenzylation m ay have  taken 
p la ce  on the co lum n with subsequent a ttach m en t of the d ie s te r  to the ad so rb e n t, 
assum ing  tha t the phosphorylation had been sa tis fac to rily  achieved. In o u r  case , 
the phosphory lation  of XLVIII w as not very  successfu l (ca. 10% XLVIII re c o v e re d ) 
p e rh a p s  due to  s te r ic  fa c to rs  and the pu rifica tio n  of the resu lting  re a c tio n  m ix tu re  
proved  very  d ifficu lt, p resum ably  due to  the rem oval of benzyl a n d /o r  ¿ -b u ty l 
g ro u p (s) on the colum n yield ing product sligh tly  im pure  (reasonable y ie ld )  o r  
ch ro m ato g rap h ica lly  pure (bad yield). The g re a t m e rit of débenzylation  w ith m etal 
iod ides, viz . acetone inso lub ility  of the re su ltin g  s a lt  of the phosphate d ie s te r ,  
w as lost in the c a se  of the product LXX. The so lub ility  c h a ra c te r is t ic s  of LXX 
w ere  such th a t rem oval of ex cess  m etal iod ides w as not possib le (LXX being w ate r 
and acetone so lub le) and rem oval of benzyl iodide w as p roblem atic . Com pound LXX 
could be p u rified , in p rin c ip le , using ion-exchange re s in s  o r  c e llu lo se s , but the 
e ffo rt to s ta n d ard iz e  th is  p ro c e d u r^ tta s  judged to be not w orthw hile in view of the 
o th e r  d raw backs of the s i lv e r  phosphate - alkyl iodide method for DPG sy n th esis .
5) In Schem es III, VII and VIII a double s ilv e r  sa lt - iodide in te rch an g e  reaction
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is  req u ired  and in add ition  to  the expected  p ro d u c ts  XLIX and LXIX re sp e c tiv e ly , 
(sm all) am ounts of m onophosphorylated  p roducts a re  form ed, thereby
i)  low ering the y ie ld s  and ii)  re q u ir in g  ca re fu l ch rom atog raph ic  purifica tion .
This double in te rch an g e  reaction  fo r  Schem e VIII w ith a ll i ts  consequences 
concerning yield and e ffo rt fo r good p u rity  could have been w orthw hile, 
com pensated for by the  steps vs peroxidation , if  compound LXX could have been 
re la tiv e ly  ea sily  p re p a re d .
P rincipally  b ec au se  of the m u ltis tep  p ro ce d u re  and very  low o v era ll y ie ld  
of X by the sequence of reac tio n s  (Schem e VII) and the unproductive Schem e VIII, 
we abandonned the DPG syn thesis  based  on s i lv e r  sa lt - iodide exchange 
phosphorylation.
In the c o u rse  of our w ork, we rep ea ted  th e  p rocedu re  of Saunders and 
9
Schwarz th ric e , u s in g  1, 2 -d im y ris to y l- , 1 ,2 -d ipa lm itoy l- and 1, 2 -d is te a ro y l-  
sn -g ly ce ro l. The c la im ed  50% yield  could not be rea lise d  in any ca se . DPG w as 
estim ated  by TLC to  be p rese n t in the com plex product m ix tu re s  in ca . 5 - 10%. *
Although phosphory lation  of d ig ly c e rid e s  w ith POC1 occas ionally  gave
44 45 Jexcellen t re su lts  , POCl„ is  g en e ra lly  reg a rd e d  as  an in fe r io r  phosphory lating
«5
agent because of a )  i ts  ch lo rinating  ab ilitie s , and b) its poly-functionality . The
chlorinating  ab ility  depends on the ex p e rim en ta l conditions as  w ell a s  on the
su b stra te , and can  be m in im ised by w orking a t  low te m p e ra tu re s  and by using
46carefu lly  balanced ac id  b inders . Its polyfunctionality  inev itab ly  leads to a 
46m ixture of p ro d u c ts  . In the c a se  of sim ple a lcoho ls p u rifica tion  can be achieved
by frac tio n a l d is t illa tio n , but in the ca se  of g ly c e rid e s , in o rd e r  to obtain pure
47
products, rep ea ted  ch rom atography  on s il ic ic  ac id  is  req u ired  . Among the
by-products w hich w ere  iso la ted  from  POC1, rea c tio n  on d ig ly c erid e s  w ere 
9 9 d
i)  unreacted  d ig ly c e r id e s  a n d i i)b is -P A  .
The m ain advantage of POCl„ is that no fu rth e r  re a c tio n s  (d e -p ro tec tio n s) 
a r e  n ec essa ry  and consequently , it can be used  fo r  phosphorylating  unsa tu ra tcd  
d ig lycerides.
In r e tro s p e c t ,  the m ethods d esc rib ed  in  th is  ch ap te r involve rea c tio n s  
which, by th e ir  n a tu re , re q u ire  v e ry  ca re fu l and tim e-consum ing  p u rifica tio n s 
affording p ro d u c ts  in  y ie lds d isp ro p o rtio n a lly  low to the e ffo rt. In what will 
follow, we. endeavoured  to overcom e the p ro b lem s recounted in th is  ch ap te r, both 
with re sp e c t to  th e  key in te rm ed ia te s  and the phosphorylating  agen ts.
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C H A P T E R  5
B U IL D IN G  B L O C K S  F O R  P P G . I. MIDDLE GLYCEROL PART
5-A INTRODUCTION /
F o r the re a so n s  d esc rib ed  in C h ap te r 4, the syn thesis  of DPG based on 
activa ting  g ly cero l d e riv a tiv e s  by converting  them  to iod ides w as not pursued 
fu rth e r . Instead, o u r atten tion  w as focussed  on the syn thetic  plan outlined in 
Scheme XI.
4
RC O O-i
R 1COO* 1 O 2
. , ' l  * ..........
L OH L -  P— L„ HOJ
O 3 
•a  II > ............
I-O Y ^-H ) L - P - L 3 HO 
hOY ° X 1 '
1
«OCOR
l OCOR^
I
OX
c v m c v mLXXVII
w here X, X ., Y, Y . a re  p ro tec tin g  g ro u p s and L ,  L_, L ,,  L a re  leaving
1 ‘ l 2 3 1 z  6 4
groups. When R = R = R  = R , Y ^ = H ,  X = X ^  and L^ = L^, L^ = L^, the plan
sim p lifies to:
1
OCOR
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RCOO- rO H
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1 O 2 -OY
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SCHEME XI SYNTHETIC PLAN FOR DPG SYNTHESIS
Im m ediate ly  two p ro b lem s a r is e  - nam ely, what a r e  su itab le  p ro tec ting  
groups and how can iso m eriza tio n  be avoided? T hese p rob lem s need to  be 
considered  in the context of s tab ility  and ea se  of m anipulation of in te rm ed ia te s .
O rganic syn thesis  of a polyfunctional m olecule re q u ire s  the use of 
p ro tec ting  g ro u p s o r  the application  of the  concept of " la ten t functionality".
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F o r the rea so n s  d escribed  in C h a p te r  4, the syn thesis  of DPG based  on
ac tiv a tin g  g ly cero l d e riv a tiv es  by co n v e rtin g  them  to iodides w as not pu rsued  
fu r th e r .  Instead, o u r atten tion  was fo cu ssed  on the synthetic p lan  outlined in 
Schem e XI.
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w here  X, X , Y, Y a r e  pro tecting  g ro u p s  and L , L„, L_, L .  a re  leav ing  
i 2 3 z j  4
g ro u p s . When R = R = R = R , Y 1 = H, X = X 1 and = Lg, L2 = the plan
sim p lifie s  to:
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SCHEME XI SYNTHETIC PLAN FOR DPG SYNTHESIS
Im m ediate ly  two p roblem s a r i s e  - nam ely, what a r e  su itab le  p ro tec tin g  
g ro u p s and how can isom eriza tion  b e  avoided? T h ese  p ro b lem s need to  be 
considered"In  the context of s tab ility  and ease  of m anipulation of in te rm ed ia te s .
O rganic syn thesis  of a polyfunctional m olecu le r e q u ire s  the u se  of 
p ro tec tin g  g roups o r  the application o f  the concept of "la ten t functionality".
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The idea  of " la ten t functionality" , w here som e n e c e s sa ry  function in a 
p re c u rs o r  fo rm  is c a r r ie d  through one o r  m ore  s te p s  of a sy n th esis  and a t the 
p ro p e r  stage is  converted  to the needed group , is  not e a s ily  applied to DPG 
syn thesis .
Suitable p ro tec ting  g roups should have the following p ro p e r tie s :
1) Survival of all chem ical m anipulations p r io r  to d e -p ro tec tio n .
2) E asily  con tro lled  conditions fo r th e ir  in se rtio n  and esp ec ia lly  fo r  th e ir  rem ova l.
3) T h e ir  rem o v a l should give a  by-product e ith e r  vo la tile  o r of opposite p o la rity  
to the d e s ire d  product.
4) The conditions fo r  th e ir  rem oval should be such th a t no harm  is  caused to  the 
r e s t  of the m olecu le.
P ro tection  of alcoho ls has been effected by converting  them  to e th e rs , ac e ta ls  o r  
49k e ta ls  and e s te r s
P ro tection  of an alcoholic function a lso  s e rv e s  to p reven t reac tio n  with a 
neighbouring group, thus avoiding e .g .  iso m eriza tio n .
5-B PRESENT WORK
C onsidering  the m iddle g lycero l m oiety of DPG (LXXVII and LII, Schem e 
XI) we confined o u rse lv e s  to finding a su itab le  blocking group Y fo r  LII. No 
sy stem a tic  study concern ing  the sy n th esis  of DPG using  LXXVII had been c a r r ie d  
out, but in view of o u r  re su lts  (see C hapter 8 ), it is  evident that finding su itab le  
p ro tec ting  g roups Y and Y^ p re se n ts  no problem . We p rep a red  LII having the 
g-hydroxyl group  p ro tec ted  a s  e th e r, ac e ta l o r  e s te r  by the g e n e ra l m ethods 
outlined in Schem e XII and T ab le  VII.
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Route A :
Route B :
LXXVIII
COOEt
HO —
COOEt
LXXX LXXXI
SCHEME XII
I-
-OY
I-
XLVIII 
Route C
SYNTHESIS OF INTERMEDIATES U I
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o/
5 -C  EXPERIMENTAL 
A ) SYNTHESES
l ,  3 -0-B enzylidene g ly c e ro l (LXX.VIII ) w as p re p a re d  acco rd in g  to  M attson and
V olpenhein ^  in v a rio u s  y ie ld s (6 - 20%) tw ice re c ry s la lliz e d  from  b en zen e -
hexanes 1 /1 , p u re  by T L C , (E t„0 , R 0 .64 ; E t„ 0 /h e x a n e s  1 /1 , R 0 .15 ; E t- O /
Z r  Z _ r  Z
hexanes 1 /2 , R 0 ,0 9 ), m . p. 80°, 81°C . [L i t .  : m . p .  63. 5 -64 . 5° fo r  c i s ,
t  27 52 53  o
m . p. 82. 5-83. ^ f o r  t r a n s ; th is ass ig n m en t being w rong ’ , lit . : m . p .  8 3 .9  ] .
IR (CC14 ) : 3600 (m), 3075 (w), 3045 (w), 2990 (w), 2940 (w), 2920 (w), 2900 (w), 
2860 (m), 1458 (m), 1400 (m), 1371 (m), 1235 (m), 1225 (m), 1150 (s), 
1082 (s), 1033 (m), 1015 (m), 1000 (m ), 948 (w), 697 (m).
NMR (90 MHz; CDClg, TMS) : 7 .3 9  (m , 5H, A r-U ), 5. 47 (s, 1H, A rC H ), 4 .05
(s, 4H, CH2CHCH2), 3 .5 0  (broad, 2H, CH2CHCH2 
and OH).
See a lso  Ref. 27,53; F ig u re  1.
"Pie com pound w as found by NMR to  be s tab le  a t -2 0 °  fo r  a t le a s t 11 m on ths and 
w as re c ry s ta l l iz e d  b e fo re  use . 1, 3 -0 -B enzy lidene g ly c e ro l w as hea t s ta b le  (105°/ 
3h; som e sub lim ation  took p lace ) by m . p . , NMR and TLC . No g ly c e ro l w a s  found 
by TLC and no dioxolane r in g  fo rm a tio n  w as ev ident by NMR.
c is -2 -P h e n y l-1 ,3 -d io x a n -5 -y I  benzyl e th e r  (LXXIX, Y = PhCH„-) and 2 - 0 - benzyl 
g ly c e ro l (LII, Y = PhCH2*) a re  d e sc r ib e d  in C hap te r 4.
c is -2 -P h e n y l-1 ,3 -d io x an -5 -y l 2 '- te tra h y d ro p y ra n y l e th e r  (LX X IX,. Y = THP).
4 m l (3. 6 g, 44 m m ol ) 2, 3 -d ih y d ro -4 //-p y ra n  w ere  added slow ly to  a  so lu tion  of
3. 6 g (20 m m o l) 1 ,3 -0 -b en zy lid en e  g ly c e ro l and a few c ry s ta ls  ( 2 - 3  m g) of
p-to luenesu lphon ic  ac id  in d ry  CHCl^ (10 m l) and the sy s tem  w as s t i r r e d  a t RT
fo r 7. 5 h. T he re a c tio n  w as followed by TLC in E t20 /h e x a n e s  1 /1 . A f te r  7 h
1, 3 -0 -benzy lidene  g ly c e ro l (R 0. 15) had d isap p ea red  w ith in c re a se  of spo t
.r
R 0 .4 6  (product). CH„ONa w as added to n eu tra liz e  the p -to luenesu lphon ic  acid .
F 3
A fter 1 .5  h the m ix tu re  w as tre a te d  w ith c h a rco a l and f ilte re d  through c e li te ,  the 
la t te r  being w ashed w ith  E t20 . E vaporation  of so lven ts gave a brown v isc o u s  oil 
im p u re  by TLC (E t2Q /hexanes 1/1 R p  0. 00, 0. 33, 0. 54 and 0. 66), w hich on
□ □ ! : '  i □  □  «
? < 1 J1 V- j ! i i íñJ o d. ?  * « 1 Î '  1• i t  1
; , * !  " V
I1 1
* * 1
* 1
l!:l '^1 II t Ì I ill i  !
mmmmmmm
mmmwxmwxm
i  • i ; : • t : H  : í Î i  i  :; $ i 5 'i. i. ? i  ! i  Í  k t. K :  * *
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pum ping so lid ified . Purification  w as c a r r ie d  out by colum n chrom atography  o r 
c ry s ta lliz a tio n s .
a )  Column C hrom atography 
S ilica g e l : 200 g.
C rude p roduct : 2. 54 g.
Solvents : i) E t20 /h e x a n e s  1/1 (975 m l)
ii) E t^O /hexanes 3/1 (150 m l)
iii)  E t20  (350 m l).
F ra c tio n s  25 m l w ere  co llected  a t flow ra te  ca . 4 m l/m in . Pure product was
eluted  in 37-57 frac tio n s, weighing a f te r  thorough d ry in g  in vacuo 1.273 g, 
m .p . 55-6°C .
b) C ry sta lliza tio n s
The r e s t  of the brown im pure  solid  w as d isso lved  in  E t20 , and deco lourized  with 
ch a rco a l. F iltra tio n  through a bed of s il ic a  gel, w ash ing  with som e E t20 , 
evaporation  and dry ing  afforded a yellow solid  m a ss . It w as d isso lved  in the 
m inim um  am ount of w arm  E t20  and boiling hexanes w as added. C ry sta lliza tio n  
w as induced by seeding of the solution (cooled to RT). The sy stem  w as left at 0 C 
overn igh t. F iltra tio n  and dry ing  afforded white c r y s ta ls ,  m. p. 55°C. More 
c ry s ta ls  w ere  obtained by concen tra tion  of the m o th e r liquor. R ecry sta lliza tio n  
of the com bined c ry s ta ls  from  w arm  n -hexane a t -1 5 °  overn igh t afforded 1.298 g 
of ch rom atog raph ically  pure  white so lid , m .p . 56°C .
T o ta l y ie ld  : 2.571 g (50%).
Found (B e rn h a rd t) : C 68 .02, H 7.45%; C 15H20C>4 (MW 264. 31) re q u ire s  C 68. 16, 
H 7. 63%.
IR (hexach lo robu tad iene) : 3060 (w), 3030 (w), 2935 (m ), 2850 (m ), 1455 (m),
1395 (m), 1343 (m), 1283 (w), 1241 (w), 1213 (w),
1204 (w), 1091 (s), 1078 (s), 1025 (s), 900 (m), 750 (s), 
700 (s).
NMR (CC14, TMS) : 7. 32 (m, 5H, A r-H ), 5 .3 7  (s , 1H, A r-C H ), 4. 72 (m, 1H, 
OCHO(THP)), 4. 29 (m, 1H, CH2CHCH2), 3. 98 (m, 4H, 
CH2CHCH2), 3 .4 7  (m , 2H, CH20  (THP)), 1 .66  (broad, 6H,
c h 2c h 2c h 2c h o -).
2 -0 -(2 '- te tra liy d ro p y ran y l)  g ly c e ro l (LII, Y = THP)
1 .25  g (4. 9 m m o l) LXXIX (Y = THP) in d ry  e thy l ace ta te  (25 m l) and 0. 23 g 
10% Pd on ch a rco al w ashydrogeno lysed  (20 p s i)  fo r  23 h. The rea c tio n  m ix tu re  
w as  filte re d  through ce lite  and w ashed with ethyl a c e ta te . E vaporation  of so lven t 
and overnight pumping afforded an oil (758 mg) im p u re  by TLC. P u rification  was 
attem pted  by colum n chrom atography .
S ilica gel : 55 g.
C rude compound in m inim um  am ount MeOH.
Solvents : a )  E t20  (100 m l)
b) E t20/M eO H  1/1 (80 m l)
c )  MeOH (360 m l).
F rac tio n s  20 m l w ere  co llected  a t flow ra te  3 m l/m in . E t20  elu ted  38 mg o f
unreacted  s ta r t in g  m a te ria l and E t20 /M eOH som e o th e r  im p u ritie s  (probably
decom position  p roducts). The p roduct w as elu ted  w ith MeOH a s  a yellow  solution
in frac tio n s  15 - 17. E vaporation  and dry ing  afforded  581 mg (68%) of yellow ish  
23
v iscous o il, n ^  1.4706.
TLC (E t-O ) : R _  0 .13  tra c e s  of im p u ritie s  R 0. 04 and 0. 75; C /M /c .  NH_ 6 5 /2 5 /5  
* Z r  r  o
R _  0. 73, im p u ritie s  R 0. 27, 0 .8 9 . r  r
Found (CHN) : C 53. 16, H 9. 14%; CgH 6C>4 (MW 176. 21) r e q u ire s  C 5 4 .5 3 ,
H 9. 15%.
IR (neat) : 3380 (s), 2950 (s), 2870 (m), 1442 (m ), 1385 (m), 1345 (m), 1205 (m), 
1160 (m), 1145 (m), 1075 (m), 1030 (s), 990 (m), 905 (w), 875 (w),
815 (w).
NMR (ace to n e -d 6, TMS) : 4. 80 (m, 1H, O -C H -O  (THP)), 4. 34 (m, 1H, CH2 CHCH2 ),
3. 63 (m , 4H, CH2CHCH2 ), 3. 07 (m , 2H, CH20  (THP)), 
1 .62  (m, 6H, CH2CH2CH2CHO (THP)).
c is -2 -P h en y l-1 ,3 -d io x a n -5 -y l e. B. B 'tr ic h lo ro e th y l ca rbonate  (LXXIX, Y =
c c i3 c h 2o c o - )
A solution of 15. 073 g  (71 m m ol ) C C lgC ^O C O C l in d ry  CHClg (10 m l) w as 
added slowly to  a cooled (0°C), s t i r r e d  solution of 12.25 g  (68 m m ol ) 1 ,3 -0 -
benzylidene g lycero l in d ry  CHCl^ (25 m l) contain ing 6. 0 m l (5. 9 g, 74. 5 m m ol) 
d ry  pyrid ine . S tirrin g  w as continued fo r 23 h a t RT. E t20  w as added to  the 
reac tion  m ix tu re 'and  the p rec ip ita ted  pyridine hyd roch lo ride  w as f ilte re d  off.
The p re c ip ita te  w as w ashed with Et^O. The re su lted  sing le  C H C l^ -E ^ O  phase 
w as w ashed w ith d ilu te  HC1 (1 x 20mi), H20  (1 x 20 m l), 5% aqueous KHCO^ 
and H20  (2 x 20 m l) and d r ie d  (N a^O ^). E vaporation  and d ry in g  afforded  a w hite 
solid m a ss  which upon c ry s ta lliz a tio n , a t 0°C  overnight, fro m  w a rm  E t20  and 
bo iling  petro leum  e th e r  (40-60°C ) to tu rb id ity  yielded w hite find need les  21 .035 g 
(88%), m .p . 91 -2°C , pu re  by TLC (E t20 /h e x a n e s  1/1 R p  0. 47).
Found (B ernhardt) : C44. 48, H 3 .65 , Cl 30. 19%; C ^ H ^ C lg O g  (MW 355.48) 
r e q u ir e s  C 43. 88, H 3. 65, Cl 29. 92%.
IR (CC14) : 3070 (w), 3040 (w), 2990 (w), 2960 (w), 2890 (w), 2860 (w), 1755 (s), 
1455 (m ), 1385 (s), 1355 (m), 1285 (s), 1255 (s), 1155 (m), 1090 (s), 
1020 (m ), 994 (m ), 970 (m), 955 (w), 915 (w), 885 (w), 860 (w), 700 (m). 
NMR (CDC1„, TM S) : 7. 42 (m , 5H, A rH ), 5. 50 (s, 1H, A rC H ), 4 . 78 (s, 2H,
O
CC13 CH2), 4. 57 (m, 1H, CH2CHCH2 ), 4. 20 (m, 4H,
c h 2c h c h 2).
The compound s to re d  a t -2 0 °  w as stab le  fo r  11 m onths by m .p . ,  TLC  and NMR.
?-(B. ft. fi-trichloroethoxycarbonyl) g ly cero l (LII, Y = CClgCI-^O C O -)
7. 11 g  (20 m m ol ) LXXIX (Y = C C lg C ^ O C O -)  and 1.55 g  10% Pd on ch a rco a l
(Johnson M atthey C h em ica ls  L td ., London) in d ry  ethyl a c e ta te  (85 m l) w as
hydrogenolysed (28 p s i ) f o r  1 h. The rea c tio n  m ix tu re  w as f i l te re d  through ce lite
and w ashed w ith E t20 . E vaporation  of so lven ts a t 20°C and d ry in g  gave 5. 21 g of
w hite solid . T h is  w as re c ry s ta l l iz e d  from  E t20  (m inim um  am o u n t) - petro leum
e th e r  (40-60°) ( t i l l  tu rb id ity )  at RT and then at -2 0 °  overn igh t to a ffo rd  4. 667 g
(87%) of w hite c ry s ta ls  p u re  by TLC (E t.O ) R_, 0. 47, m .p .  96 -7 °C .
z  r
Found (B ernhard t) : C 27. 12, H 3. 45%; CfiH Cl Og (MW 267. 41) r e q u ire s  C 26. 96, 
H 3. 36, Cl 39. 77%.
T his compound is  so luble in  MeOH, re la tiv e ly  soluble in E t20 , in so lub le  in CCl^, 
CHClg and and w ith ace tone  g ives an em ulsion .
IR (Nujol) : 3300 (s), 1750 (s), 1258 (s), 1072 (m), 1050 (m ), 1000 (m), 855 (m),
830 (m ), 778 (in), 730 (m), 710 (s).
NMR (pyrid ine-dg , TMS; run  im m edia te ly  a f te r  d isso lu tio n ) : 6. 82 (s, 2H, OH),
5 .4 2  (m, 1H, CH2CHCH2), 5 .0 3  (s , 2H, C C ^C IL j-),
4. 24 (m, 4H, C H .C H CH .l.
Although th is  com pound w as  stab le fo r 40 days a t -2 0 °  (by IR, NMR) it w as unstable
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during  a 10 m onth period  under the sam e conditions (ca. 50% cyclization  by NMR). 
A lso  its  p re p a ra tio n  is  very  sensitive  to the n a tu re  of c a ta ly s t. 10% Pd on charcoal 
(Stem C hem icals In c ., D anvers, M a ss ., U .S .A . ) gave im pure m a te ria l due to 
cyc lization . The by -p roduc ts - &, g, g -trich lo ro e th an o l and ra c . g ly cero l 1 ,2 - 
ca rbonate  - w e re  not rem oved by two c ry s ta lliz a tio n s  as  above.
c is -2 -P h en y l-1 , 3 -d ioxan -5 -y l t-bu ty ld im ethy lsily l e th e r  (LXXIX, Y = TBDMS)
A solution of 3. 70 g (20. 6 mmol ) of 1, 3 -0 -benzy lidene g ly cero l and 3. 50 g
(51 .5  m m ol ) im idazo le  in 11 m l d ry  DMF w a s  added slowly, a t RT, to 3. 732 g
(24. 7 m m ol ) ¿-bu ty ld im ethylsily l ch loride (Willow Brook L a b s ., In c ., W aukesha,
W ise ., U .S .A .) under anhydrous conditions. A fte r  ca. 5 m in. the ¿-bu ty ld im ethyl-
s ily l ch lo rid e  d isso lved  and the m ix ture was s t i r r e d  for 8 . 5 h at RT. E x trac tion
of the m ix tu re  w ith hexanes (6 x 25 ml), w ash ing  of the com bined hexane phases
w ith H20  (3 x 20 m l), d ry ing  (Na2SO^) and evaporation  of solvent afforded 5. 95 g
of liquid w ith  cam phor-like  odour. F rac tional d is tilla tio n  afforded 4 .873 g (80%)
of the p roduct, b .p .  132-5^0. 7-0. 8 m m (112-3°/0 . 2 mm), n ^  1.4919 ( n ^  1.4910),
ch ro m a to g rap h ica lly  pure (TLC; E t.O /h ex an es 1 /3 , R 0. 62).Z r
Found : C 6 5 .44 , H 9. 15%; C ^H ^^O ^Si (MW 294 .46 ) re q u ire s  C 65 .26 , H 8 .90 ,
Si 9. 54%.
IR ( n e a t) : 3070 (w), 3040 (w), 2955 (m), 2930 (m ), 2890 (m), 2885 (m), 1472 (w), 
1462 (w), 1390 (w), 1360 (w), 1255 (m ), 1237 (w), 1160 (m ), 1095 (s), 
1045 (m), 1009 (m), 920 (w), 867 (m ), 835 (m), 773 (m), 756 (w),
695 (m).
NMR a) 60 MHz, CDClg, TMS.
b) 90 MHz, pyrid tne-dg , TMS; Fig. 2.
a) b)
7 .3 7  (m , 5H, ArH) 7 .58  and 7.31 (two m, 5H, ArH )
5 .5 0  (s , 1H, ArCH) 5.61 (s, 1H, A rC H )
4. 00 (d, 2. 00, 4H, CH2CHCH2) 4 .0 7  (d, 2 .05 , 4H, CH2 CHCH2)
3 .6 4  (m, 1H, CH2CHCH2 3 .68  (m, 1H, CH2CHCH2 )
0 .9 8  (s, 9H, C M ej) 0 .9 3  (s, 9H, CMe3 )
0.11 (s. 6H, S iM e J 0. 11 (s , 6H, S iM e J
Stored a t -2 0 ° , th is  compound expands upon freez in g  and can break  the con taine r.
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It w as stab le  a t -20°C  fo r  a t le a s t  3 m onths (by TLC). F o r s ta b ility  of o ther
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TBDMS d e riv a tiv e s , in the nucleoside  field, see  Ogilvie . 
2 -0 -t-b u ty ld im eth y lsily l g ly c e ro l (LII, Y = TBDMS)
To 30 m l EtOH cooled (dry ic e )  and under N2 was added 0. 8 g  5% Pd on charcoal 
(fire  h azard ) and then a s im ila r ly  cooled solution of 3. 872 g (13. 2 mm ol ) LXXIX 
(Y = TBDMS) in 50 m l EtOH. The sy stem  w as stoppered, b rought to RT and 
hydrogenolysed (28 p s i)  fo r  2 h . Uptake of hydrogen stopped a f te r  ca. 45 min. 
F iltra tio n  through c e lite , w ash ing  with MeOH, evaporation (a t 20 C) and dry ing  
in vacuo afforded a w hite so lid  m a ss . It w as rec ry s ta llize d  a t  RT by d isso lv ing  
in ca . 15 ml E t20  and adding ca . 110 ml hexanes and leaving a t  - 20°  overnight. 
F iltra tion , w ashing w ith som e hexanes, and drying afforded 2 .478  g (91%) of shiny 
white p la tes  (flakes), pu re  by TLC (s ilic a  ge l N, E t20 /h e x a n e s  3/1 Rp 0. 23) and 
(s ilica  gel N + 0. 4 M H^BO^; E t20 /h e x a n e s  3 /1 , R p  0. 22), m .p .  65-6°C.
Found (CHN) : C 52. 58, H 10. 59%; C H ^O gS i (MW 206. 36) re q u ire s  C 52. 38,
H 10.75, Si 13.61%.
IR (CC14) : 3430 (m), 2955 (s), 2930 (s), 2895 (s), 2860 (s), 1471 (s), 1463 (s), 
1390 (m), 1360 (m ), 1255 (s), 1215 (w), 1115 (s), 1050 (s), 1005 (m), 
980 (m), 960 (m ), 835 (s), 670 (w).
NMR : a )  60 MHz, CDgOD, TMS
b) 60 MHz, CDC13, TMS
c )  90 MHz, p y rid in e -d ,., TMS; Fig. 3.
a) b) c)
4. 80 2 .6 7 5 .04 (OH)
3 .6 0 3 .6 3 3. 85 (m, 5H, CH2CHCH2)
0. 92 0. 92 0. 92 (s, 9H, CMe3 )
0 . 11 0 . 10 0. 15 (s, 6H, SiMe2 )
This compound sto red  a t -2 0 °C  w as stab le  fo r at le a s t 3 m onths by 60 MHz Vl 
NMR. A lso, it was found to be stab le in pyridine at 20°C fo r  17 h, unstable in 
pyrid ine at 118°/30 h (ca . 11 % a - is o m e r  and o ther com pound) and therm ally  
unstable 118 ^ 3 0 .h (ca . 10% a - is o m e r)  by 90 MHz ^H NMR in pyridine-d,..
H ydrogenolysis in EtOH proceeds via an in te rm ed ia te  [R 0. 30 on TLC 
(s i l ic a g e l  N; E t20 /h e x a n e s  1/3). Cf. s ta rtin g  m a te ria l (R p  0 .68) and product
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(R 0 .1 2 )]  and g ly c e ro l (R 0 .0 0 ) w as a b y -p ro d u c t. 90 MHz H NMR of c rude  F F
product (in py rid in e-d ^ ) from  in te rrup ted  hydrogeno lysis showed the p re se n ce  of
A r-C H ^ sing let a t f, 4 .58  ind icative of com pound LXXXIV; 
See C hap ter 6.
HO-,
LXXXIV
I
f-OSi4-
PhCH20 J
90 MHz H NMR (in p y rid in e -d ,.) of the co n c en tra ted  m other liquor from  the 
re c ry s ta lliz a tio n  of the c rude  product LII (Y = TBDMS) resu lting  from  com pleted  
hydrogenolysis ind icates the p resence  of t r a c e s  of the a - iso m e r: HO-
H O
-O Si—|----
TLC exam ination  of hydrogeno lysis in  various solvents under the sam e 
conditions (0. 5 g  LXXIX (Y = TBDMS), 0. 1 g  5% Pd on charcoal, 50 ml solvent,
1h . , 25-30 p s i)  revea led  that:
H ydrogenolysis in MeOH o r TH F gave th e  sa m e  in te rm ed ia te  and g ly c e ro l w as 
a by -p roduct.
H ydrogenolysis in d ry  AcOEt resu lted  in  un reac ted  s ta rtin g  m a te ria l, tr a c e s  of 
in te rm ed ia te  and som e g ly cero l.
H ydrogenolysis in AcOEt containing 2% E tOH was slow going via the above 
in te rm ed ia te  w hile g ly cero l w as also  fo rm e d .
G lycero l w as identified  by com parison w ith  an authentic sam ple on TLC using  
E t-O /h ex an es 1 /3 ,R_. 0 .00; E t.O .R ^  0. 0 0 ; C /M /H .O  6 5 /2 5 /4 ,R 0. 19; C /M /
Z F z  F  z  F
c. NH. 6 5 /2 5 /5 ,R 0.18; diisobutyl ke tone/A cO H /H „0  4 0 /2 5 /5 ,R _  0. 21.
o  r  z  F
H ydrogenolysis of LII (Y = TBDMS) fo r 8 h in EtOH o r in MeOH did not 
produce g ly cero l.
c is -2 -P h en y I-1 ,3 -d io x an -5 -y l 2 '-p ro p en y l e th e r  (LXXD(, Y = -CH 2CH = CH2 )
A solution of 18. 0 g  (0. 1 m o l) of 1 ,3 -0 -benzy lidene  g lycero l in 80 m l d ry  DMSO 
was added, du ring  2 h, to  a s tir re d  su spension  of 5. 0 g (0. 12 mol ) of 80% NaH 
on paraffin  in 150 m l d ry  DMSO. A fter th e  addition, 18. 2 (0. 148 mol ) of allv l 
b rom ide in 10 ml d ry  DMSO was added a t  R T during  15 min, and the sy stem  was 
left s t i r r in g  fo r  2 h at RT. 5 ml MeOH w a s  added (to destroy  ex cess  NaH), 
followed by 500 ml H20  added dropw ise w hile  cooling (ice - H20 ) . The cold solution
w as ex trac ted  w ith E t^O  (3 x 200 m l) and the com bined E t^O  la y er w as w ashed
with (2 x 30 m l)  and d ried  (NagSC^). E vaporation  of E t2 0  gave a so lid  which
was re c ry s ta lliz e d  fro m  250 m l boiling d ry  hexanes and cooling to 0 C fo r  1 h.
F iltra tio n  afforded 16. 77 g w hite fine need les. 1. 75 g of c ry s ta ls  w ere  obtained
by concentra tion  of the m other liquor to 1/3 of its  in itia l volum e ( i .e .  80 m l).
Yield 18.52 g (85%), pu re  by TLC [E t O /hexanes 1/1, H SO followed by c h a rrin g
^ 55 z 4
or by spray ing  w ith  1% KMnO^ and 2% I^^C O ^ (yellow spo ts  on purp le  background 
at once) R = 0. 47] , m .p . 43-4°C  [ lit. 44. 5°C] .
IR (CC14 ) : 3070 (w), 3040 (w), 2980 (m), 2850 (s), 1453 (m), 1385 (m), 1332 (m), 
1276 (m ), 1236 (m), 1158 (s), 1093 (s), 1065 (m), 1010(s), 985 (s),
925 (m), 695 (s).
NMR (CC14, TMS) : 7. 29 (m, 5H, A r-H  ), 5 .8 3  (m, 1H, -CH = CH2), 5. 27 (s,
1H, ArCH), 5 .0 0  (m, 2H, CH = CH ), 3. 87 (m, 6H, C j^ C H C l^  
and 0 -C H 2CH =), 3. 04 (m, 1H, C F ^C H C l^).
c is-2 -P heny l-1 , 3 -d io x an -5 -y l c is -1 '-p ro p e n y l e th e r  (LXXIX, Y = c is  -CH = CHCH^) 
To a c le a r  c o lo u rle s s  solution of 2. 067 g  (18. 5 m m o l) of po tassium  t_-butoxide 
in 40 m l d ry  DMSO w as added 3. 75 g (16. 8 m m ol ) LXXIX (Y = - C ^ C H  = C l^ )  
in the d ry  box. T he sligh tly  brown solution w as s t i r r e d  under in an oil bath 
(100°C) fo r 1 h. A fte r  cooling to RT, 200 m l of h a lf-sa tu ra te d  aq. NaCl was 
added to the dark  brow n solution and ex trac ted  with E t2 0  (3 x 150 m l). The 
com bined E t2 0  p h a se s  w ere  w ashed with (3 x 100 m l) and d ried  (N ^S C ^  and 
charcoal). F iltra t io n  and evaporation  afforded 2. 7 g of redd ish  liquid which was 
chrom atographed on s ilica  gel (100 g) with solven ts:
a )  E t2 0 /h e x an e s  1/9 (100 ml)
b) E t2 0 /h ex an es  3 /7  (100 m l)
c )  CH2C12 (550 m l).
F rac tio n s 30 m l co llec ted  a t a flow ra te  ca . 9 m l/m in . The compound w as eluted 
in frac tio n s 16 - 22. A fter d ry ing  in vacuo it so lid ified . R e cry sta lliza tio n  from  
boiling hexanes and cooling to -20° overnight afforded 1 .685 g (45%) of white 
c ry s ta llin e  p roduct, pure by TLC (E t2 0 /h ex an es  1/1, followed by c h a rrin g
o r by spray ing  w ith  1% KMnC>4 and 2% is^ C O ^ ; R p  0. 50), m .p . 51-2°C .
Found (CHN) : C 70. 69, H 7. 52%; C ^ H ^ fX j (MW 220. 26) re q u ire s  C 70. 88,
H 7. 23%.
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IR (CC14 ) : 3040 (m), 2975 (m), 2890 (s), 2850 (s), 2750 (w), 2720 (w), 1665 (s), 
1450 (s), 1390 (s), 1336 (s), 1250 (s), 1240(s), 1210 (w), 1155 (s),
1093 (s), 1055 (s), 10 1 0 (s), 975 (s), 910 (m), 850 (w), 693 (s).
NMR (CC14> TMS) : 7. 24 (m, 5H, A r-H  ), 5 .8 2 (m , 1H, OCH =), 5. 30 (s, 1H,
ArCH), 4 .3 7  (m , 1H, = CHCHg), 3. 84 (m, 4H, C ^C H C H ^), 
3 .31 (m, 1H, CHj CHCHj ), 1 .62 (doublet o f doublets, J = 6. 00 
and 1 .3  Hz, 3H, CHg).
A by -p roduc t (365 mg) w as eluted in frac tio n s  12 - 14 and w as identified as  
tra n s  2 - th io m e th y l-1 -phenylethylene, LXXXII, an unpleasant liqu id .
Ph.
H'
.H
LXXXII
TLC (E t„0 /h e x an e s  1/1 R 0. 90; hexanes R 0. 33). Iden tification  w as done by
2  F  r
IR, NMR and MS:
IR (nea t) : 3060 (w), 3030 (m), 2980 (w), 2920 (m), 2860 (w), 1598 (s), 1571 (m), 
1495 (m), 1435 (m), 1390 (w), 1315 (w), 1232 (w), 1120 (m), 1025 (w), 
931 (s), 848 (m), 815 (m), 735 (s), 690 (s).
NMR (CC14 , TMS) : 7. 10 (m, 5H, A r-H ), 6 .52  (d, 16.00, 1H, CHSCH3 ), 6 .08  
(d, 16.00, 1H, ArCH), 2 .25  (s, 3H, CH3 ).
C9H10S
A ssignm ent of vinyl p rotons w as based on that of C aserio  e t a l . See a lso  Ref. 58. 
MS; m /e  150 (M+)(100% ) : 135 (55), 134 (15), 91 (40). See a lso  Ref. 58.
Found (CHN) : C 72. 11, H 6. 965?, S: too vo la tile fo r  a p re c is e  de term ina tion ;
(MW = 150. 25) re q u ire s  C 71.94, H 6. 72, S 21.33%.
P ip e r id in e -m e rc u r ic  ch lo ride  adduct C .H  N. HcrCl --------------------------- ----------------------5 11 ~ 2
was prepared in quantitative yield as described . M.p. 176°(dec). [ Lit. 59 142°C)
A ttem pted p rep a ra tio n  of:
c is -2 -P h en y l-1 , 3 -d ioxan -5 -y l r - ( l '- p ip e r id in y l )  propyl e th e r  (LXXIX Y =
220 m g (1 m m ol ) LXXIX (Y = -CH  = CHCHj) and 349 mg (0. 98 m m o l) of 
p ip e rid in e -m e rc u ric  ch loride adduct w ere  suspended in 4 ml p iperid ine  and s tir re d
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at RT fo r  2 d ay s . A fter 5 m in s t i r r in g  the sy stem  becam e hom ogeneous with the 
sim ultaneous appearance of suspended find so lid . TLC  (E t2 0 /h ex an es  1/ 1 ) showed 
s trea k in g  p roduct 0. 00 <  R _  < 0 .1 5  w hich gave a positive  rea c tio n  w ith KMnO - 
Na„CO. sp ray*  and no s ta rtin g  m a te r ia l (R 0 .5 3 ) w as p re se n t. The reaction  
m ix tu re  w as filte re d  (sin tered  f i l te r )  from  the fine so lid , solvent w as rem oved and 
dry ing  in vacuo afforded 415 mg of w hite  c ry s ta llin e  m a ss . IR (nujol) showed 
absence of OCH = CH grouping (at c a . 1665 cm ^) and that tr a c e s  of 1 ,3 -0 -  
benzylidene g ly c e ro l w ere  p re se n t (bonded OH a t 3600 cm  ^) probably a r is in g  fro m  
tra c e s  of w a te r  p re se n t in the sy s tem . T his product could not be re c ry s ta lliz e d  
from  EtOH. D em ercuration  w as a ttem p ted  by two w ays:
A) 225 mg of the white c ry s ta llin e  m a s s  w as suspended in 10 m l pure  TH F and
2 m l 3 N aq. NaOH w as added. Im m ediate ly  a b lack p re c ip ita te  appeared  in the 
aqueous phase . 1. 7 m l of 0. 5 M NaBH^ in 3 N NaOH w as added (0. 83 mol 
NaBH^) and the m ix tu re  w as s t i r r e d  v igorously  fo r  25 m in. Addition of b rin e , 
se p a ra tio n  of phases, ex tra c tio n  of the aqueous phase w ith E t2 0  (2 x 20 ml), 
d ry ing  (N a^SO ^ of the com bined o rg an ic  phases and evaporation  afforded 
m a te r ia l identified by IR, NMR and TLC a s  1 ,3 -0 -benzy lidene g lycero l 
(70% rec o v ery ).
B) 283 m g of the white c ry s ta llin e  m a s s  (from  ano ther p rep a ra tio n ) w as d isso lved
in 7. 5 m l DMF to g ive a c le a r  yellow ish  solu tion . 20 m g (0. 52 mm ol)
NaBH, in  2 .5  m l DMF w as added. A t once b lack p rec ip ita te  appeared . A ddition 
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of ^ O ,  ex trac tion  w ith E t2 0  (3 x 20 m l), w ashing the com bined E t2 0  phases
w ith H2O, dry ing  (Na2SO^), evapo ra tion  and dry ing  afforded 66 mg of white
solid  w hich on TLC (E t2 0 /h e x an e s  1 /1) showed 3 spots positive with KMnO^-
N a.C O . sp ray , R 0 .34  (no spo t on ch a rrin g ), R 0 .15  (black spot on c h a rrin g )  ¿ o r  F
and R 0 .0 0  (black spot on c h a rr in g ) . IR (nujol) showed the p resen ce  of F
1, 3 -0 -benzy lidene g lycero l and f re e  p iperid ine .
c is -2 -P h e n y l- l ,  3 -d ioxan-5 -y l t-b u ty l e th e r  (LXXIX Y = CM e^)
Its p rep a ra tio n  w as attem pted by re a c tio n  of 1 ,3-0 -benzy lidene g lycero l and 
gaseous isobutylene in d ry  C ^ C ^  in the p resen ce  of ca ta ly tic  am ounts of cone, 
by a  m anner analogous to  the p rep a ra tio n  of 1, 3-diiodo-L-butoxy propane
A m ines a lso  give positive rea c tio n  with th is  sp ray .
(C hap ter 4 ). A fter 24 h re a c tio n , s ta r t in g  m a te r ia l w as rec o v e red  and a stro n g  
sm e ll of benzaldehyde w as ev iden t. Because of the u n ce rta in  n a tu re  of this 
rea c tio n  the p re p a ra tio n  of 2- 0-_t_-butyl g ly c e ro l w as a ttem pted  via the ta r tro n ic  
ro u te  (Route B; Schem e XII).
T a r tro n ic  ac id  d ie thy l e s te r  (LXXX)
* 60 
w as p re p a re d  from  ta rtro n ic  ac id  by the m ethod of Kohen and Khedouri in 67%
yield , b. p. 120°/10  mm, p u re  by TLC (E t^O /hexane 1/1; R p  0. 53). [ Lit. ^
b. p. 120 -2°/15  m m ] .
IR (nea t) : 3460 (w), 2980 (w), 1757 (s), 1745 (s), 1375 (w), 1235 (m), 1110 (m), 
1028 (m), 865 (w).
NMR (CC14 , TMS) : 4. 27 (m, 5H, CH and CH2CH3), 3. 78 (broad , 1H.-OH), 1 .26  
(t, 6 .00 , 6H, CH3 ).
£ -Butyl e th e r  of ta r tro n ic  ac id  d ie thy l e s te r  (LXXXI, Y = CNfeg)
1. 76 g (10 m m o l) of ta r t ro n ic  acid d ie thy l e s te r  in 50 m l d ry  CH2C l2 w as cooled 
to 0°C and g aseo u s isobutylene w as bubbled through for 5 m in. 0 .5  m l cone. 
in 2 m l d ry  C K ^C ^ w as added slow ly, w hereupon a light v io le t co lo u r developed 
which changed eventually  to  deep  red . A fter the  addition of ca ta ly s t, ad m ittance 
of isobuty lene w as continued fo r  40 min a t 0°C . Then the p re s s u re  bo ttle w as 
stoppered  and le ft s t i r r in g  a t R T fo r 2 days. A fte r that tim e  the bo ttle  w as cooled 
to 0°C and the ex c ess  isobuty lene w as left to evapo ra te  slow ly (good ventila tion). 
Sm all e x c e s s  of aq. N a.C O , w as added and the system  w as s t i r r e d  fo r 30 m in.
The co lou r w as now pale yellow . E t20  w as added and the sy stem  w as w ashed with 
sa td . aq. Na2CC>3 and d ried  (N a ^ O ^  and ch a rco a l). F iltra tio n  afforded a two 
phase  f il tra te : a yellow ish up p er phase and a sm a ll quantity  of low er phase (co lo u r­
le s s  oil; inso lub le in CCl^, and E ^ O ). The oily low er phase was rem oved
and w as not fu r th e r  investiga ted . The upper phase was evapo rated  and d ried  in 
vacuo overn igh t giving 1. 17 g  of pale yellow  liquid which w as im pure  by TLC and 
NMR.
IR (neat) : 2980 (s), 1772 (s), 1746 (s), 1470 (m ), 1395 (m), 1370 (s), 1305 (m),
1285 (m), 1240 (m), 1195 (s), 1115 (s), 1038 (m ), 910 (w), 860 (w).
NMR (CC14 , T M S ): 4. 21 (m, 5H, CH and C f^C H g), 1 .26  (t, 7 .00 , 6H. CH2CH.?),
1.20 (s, 9H, CMe3 ), 0 .9 0  broad; im p u rity .
1 0 1
The p ro d u ct so obtained a f te r  6 d a y s ’ s to rag e  a t 0°C fo rm ed  two phases: a  thin 
upper p h ase  and a bulk low er phase  with qualita tive ly  s im i la r  IR sp e c tra . TLC 
(E t20 /h e x a n e  1 /1 , iodine v isu a liza tio n ) revealed :
R
F Identification Upper Phase Low er Phase
0. 75 im p u rity in tense tr a c e s
0. 49 product tra c e s in tense
0. 24 s ta rtin g  m a te r ia l tra c e s tr a c e s
A nother p rep a ra tio n  involving frac tio n a l d is tilla tio n  u nder reduced p re s s u re  
failed to  afford the  d e s ire d  p ro d u c t. U nreacted s ta rtin g  m a te r ia l  and lo ts of s e lf ­
condensation  p ro d u c t(s)  of isobu ty lene w ere  obtained.
A fu rth e r  p rep a ra tio n  m et a s im ila r  fate (s ta r tin g  m a te r ia l w as reco v ered  
u n re a c te d ).
2 -0-t-B utoxy  g ly c e ro l (LII, Y = CMe^)
C a. 1 .0  g (ca. 4. 3 m m ol ) of the im pure  LXXXI (Y = C M e^) in 50 m l d ry  E t20
w as added ov er 1 .5  h to a cooled  (0°C) suspension of 0. 572 g  (15. 2 m m ol)
LiAlH^ in 100 m l d ry  E t20 .  A fte r  the addition the sy s te m  w as refluxed for 1 h.
A fter cooling to R T and then to  0°C d ry  AcOEt in d ry  E t20  w as added during
30 m in and the sy s tem  w as left s t i r r in g  at 0°C fo r a f u r th e r  30 m in. W ater w as
then added ca re fu lly  and the E t20  phase w as sep ara ted . T h e  aqueous phase w as
ex tra c te d  with E t20  (2 x 30 m l) and the com bined E t20  p h a se s  w ere  d ried  (N a ^ O ^ ).
E vaporation  of so lven t re su lted  in a two phase system , the  upper phase of which
contained condensation  p ro d u c t(s)  of isobutylene. D rying in  vacuo overnight
re su lted  in one phase  (335 m g) which w as im pure by T L C  (E t20 ; product R p  0. 18;
im purity  R 1 .00). P urification  w as c a r r ie d  out by co lum n chrom atography:F
s il ic a  gel : 10 g  
com pound : 335 mg
so lv en ts  : a )  E t20  (50 m l)
b) E t20/M eO H  1/1 (90 m l)
c )  MeOH (50 m l).
F ra c tio n s  20 m l w ere  co llec ted  a t a flow ra te  >5 m l/m in . The product w as elu ted  
in fra c tio n s  8 - 9 .  Yield 171 m g (11.5  % from  ta r tro n ic  ac id  d ie thy l e s te r )  of
j ^ K i i i w i m n v s f j r
ch ro m a to g rap h ic a lly  p u re  v isco u s o il but no t an a ly tica lly  p u re .
Found (B ern h ard t) : C 5 5 .51 , H 10. 14% C?H fi0 3 (MW 148.20) re q u ire s  C 56.72,
H 10.88%.
IR (n e a t)  : 3400 (s), 2970 (s), 2940 (s), 2880 (s), 1470 (m), 1395 (m), 1370 (m),
1240 (m), 1195 (m ), 1050 (m), 970 (m), 870 (w), 840 (w).
NMR (CDgOD, TMS) : 4 .8 0  (broad, OH), 3. 56 (m, 5H, CH2CHCH2), 1.21 (s, 9H, 
CMe3 ).
A n attem p t to  p re p a re  th is  com pound from  1, 3-diiodo-b-butoxy propane w ith 
Ag20  in  M eOH/H20  1/1 (re flux  fo r  5 h) fa iled . (Route C, Scheme XII).
2 '- te tra h y d ro p y ra n y l e th e r  of ta r t ro n ic  ac id  diethyl e s te r  (LXXXI, Y = THP)
0. 4 m l (0. 36 g; 4. 35 m m o l) 2, 3 -d ih y d ro -4 H -p y ran  w as added slow ly to a cold
(0°C) so lu tion  of 510 m g (2. 9 m m o l) ta r tro n ic  ac id  d ie thy l e s te r  and 0. 2 mg
p -to luenesu lphon ic  acid  in 1 m l d ry  CHC1 . The p u rp le  solution w as s t i r r e d  a to
RT f o r  5 h . Solid NaHCO^ w as added, s t i r r e d  for 30 m in and f ilte re d  through
c e lite .  W ashing the c e lite  w ith  E t20  and evapo ration  of the com bined f il tra te s
a ffo rd e d  an oil from  which the product could not be iso la ted  by s il ic a  gel column
ch ro m ato g rap h y  (E t20 /h e x a n e s  1/1 a s  e lu ting  so lven t). It w as purified  by n eu tra l
a lu m in a  g rad e  III (30 g ) w ith E t2<0/hexanes 1/1 e lu ting  solvent. F ra c tio n s  10 ml
w ere  c o llec te d  a t a  flow ra te  ca . 1 m l/m in . M ost of the product w as eluted in
f ra c tio n s  3 - 4 ,  con tam inated  w ith im p u ritie s  (TLC; E t20 /h e x a n e s  1/1; im p u ritie s
R 0. 80, 0. 74; p roduct R 0. 55). Pure com pound by TLC  on s ilic a  gel w as elu ted  
F F
in f ra c tio n s  5 - 6 .  But TLC  on alum ina (E t20 /h e x a n e s  1 /1 ) revealed  product 
R _ 0. 59 and im p u r it ie s  a t R „  0. 77 and 0. 72.
F  F
Yield : 86 mg (11.5% ).
E lem en ta l a n a ly se s  w ere  not obtained.
IR (n e a t)  : 2945 (s), 1767 (s), 1745 (s), 1445 (m), 1390 (m), 1320 (m ), 1230 (s),
1205 (s), 1185 (s), 1140 (s), 1125 (s), 1095 (s), 1043 (s), 985 (m),
960 (m), 915 (m ), 875 (m), 820 (m).
NMR (CC14 , TMS) : 4. 73 (m , 1H, CH (THP)), 4 .5 4  (s , 1H, C H (C O O Et)2 ), 4 .20  
(q u a rte t, 7 .00 , 4H, C ^ C H g ) , 3 .6 3  (m, 2H, CH20  (THP)),
1 .73 (m , 6H, CH2CH2C H 2CHO (THP)), 1 .29  (t, 7 .00 , 6H, 
CH2CH3 ), 0. 90 b road; im p u rity .
2- M ethoxypropene
CH3 ° ^ c=
w as p rep a re d  acco rd in g  to  N ew m an and Zwan in 26% yield a f te r  two d is t i l la t io n s  
from  2. 5 x 30 cm  V igreux co lum n packed w ith  0. 15 inc. h e lice s . It con ta ined  
ca. 7% 2, 2 -d im ethoxypropane and w as used  a s  such.
NMR (CC14, TMS) : 3. 77 (s, 2H, CH2 ), 3. 49 (s, 3H, OCH3 ), 1 .76  (s, 3H, CHg),
2 -m ethoxyprop-2-y l e th e r  of ta r t ro n ic  ac id  d ie thy l e s te r  (LXXXI, Y = C H gO C M e^
A solution  of 0 .8  m l (757 mg; 1 0 .5  m m ol ) of 93% pure 2 -m ethoxypropene in  1 m l
d ry  CHC1, w as added d ropw ise  to  a cold (0°C) so lu tion  of 887 mg (5 m m ol) o
ta r tro n ic  acid d ie thy l e s te r  and 0. 3 mg p-to luenesu lphon ic acid  in 2 m l d ry  CH Clg. 
The d ark  red  so lu tion  w as s t i r r e d  a t R T fo r  2. 5 h . TLC  rev ea led  the p re s e n c e  of 
s ta r t in g  m a te r ia l. A nother 1 m l of 2 -m ethoxypropene w as added and the s y s te m  
w as le ft s t i r r in g  a t  0°C fo r  22 h . U nreac ted  m a te r ia l w as s t i l l  p re se n t. A f te r  
evaporation  1. 16 g  of d a rk  b row n liquid w as obtained which gave 62 mg (5%) im p u re  
p roduct a f te r  colum n ch ro m a to g rap h y  on n e u tra l a lum ina g rad e  III (76 g ) u s in g  
E t20 /h e x a n e s  1/1 a s  elu ting  so lven t.
B) KINETIC EXPERIMENTS
1) Rem oval of t-b u ty l group  fro m  Lll (Y = CM e^)
The rem o v a l of t_-butyl g ro u p  w as follow ed by NMR in CD^OD using  cone .
HC1 a s  ca ta ly s t and CHC1, fo r  in te rn a l c a lib ra tio n . Addition of 0. 06 m m ol HC1o
to a solution of 2-_t-butoxy g ly c e ro l (0. 495 m m ol ) in CD^ODg (1 .42  M) r e s u l te d  
in no re le a se  of isobuty lene ev en  a f te r  72 h a t 35°. TLC (E t20 )  showed s ta r t in g  
m a te r ia l and g ly c e ro l to be p re s e n t .  F u r th e r  add ition  of cone. HC1 in 0. 06 m m ol 
po rtio n s re su lted  in b roaden ing  of the peak s but the in teg ration , com pared  to  the 
CHC1. standard  peak, rem a in ed  unchanged. A t the end, TLC showed som eO
s ta rt in g  m a te r ia l to be p re s e n t  w hile g ly c e ro l gave an in tense spot a t R 0 . 0 0 .
.T
2) C yclization  of 2-(g, r, B -trichloroethox-ycarbonyl) g lycero l (LII, Y = C C lg C l^ O C O -) 
and its  iso m er 1-(g, p, B 'tr ich lo ro e th o x y ia rb o n y l) g lycero l (ra c . C, X =
c c i 3 c h 2o c o - )
The p rep a ra tio n  of the 1 - (p, g, g -trich lo ro e th o x jca rb o n y l) g ly c e ro l is  
d esc rib ed  in C hap ter 6.
ra c . glycerol 1 ,2 -carbonate r OH
A sm all sam ple of 1-(g, g, g -tr ich lo ro e th o x y ca rb o n y l)  g ly c e ro l w as cy c lized  in  
pyrid ine  at 95°C fo r 39 h . A fte r pum ping off py rid in e  th e  p roduct w as c h ro m a to ­
g raphed  on s il ic a  ge l w ith  Et^O, E t^O /M eO H  1 /1 , and MeOH a s  e lu ting  so lv e n ts .
The product obtained f ro m  rnethano lic  fra c tio n  w as hom ogeneous by TLC  (C /M  
9 6 /4 , Rp  0 .1 7 ).
IR (neat) : 3420 (m), 2930 (w), 1790 (s), 1483 (w), 1405 (m), 1182 (s), 1087 (s),
1055 (s), 985 (w), 780 (m ), 720 (m ).
NMR (90 MHz, p y r id in e -d 5> TMS) : 6 .3 2  (broad , 1H, OH), 4 .9 6  (m, 1H, CH),
4. 60 (m, 2H, CH2OC = O), 3. 91 q u a r te t 
of doub le ts , J = 11 .00  and 4. 00 Hz, 2H,
CH2OH); F ig . 4.
0 .525  M solution  o f 2-(g, g, g - trich lo ro e th o x y ca rb o n y l)  g ly c e ro l and 0 .5 6 2  M 
solution of 1 - (g, g, g - tr ich lo ro e th o x y ca rb o n y l)  g ly c e ro l in p y rid in e -d ,. w ere  p re p a re d  
and the in c re a se  of C C l^ C ^ O H  and the d im inution of C C lgC I^O C O - peaks w ere  
followed and e s tim a ted  (not v ery  a c c u ra te ly )  by tr ia n g u la tio n  of the co rresp o n d in g  
a re a s .  The r e s u lts  a r e  show n in F ig . 5. q
i*
IR (pyrid ine) could  not d is tin g u ish  betw een O -C -O  in the a -  and g- p o s itio n s  
in g ly cero l. It can d is tin g u ish , though, betw een ac y c lic  and c y c lic  ca rb o n a te s , and 
confirm ed tha t the c y c liz a tio n  of th e  « - is o m e r  w as s lo w e r than the  g - iso m e r  (a f te r  
96 h in pyrid ine , acy c lic  c a rb o n a te  w as p re se n t in th e  « - iso m e r  w hile it w as 
absen t in the ca se  of g - iso m e r) .
GLC on 20% DEGS (not s ta b iliz e d )  on c h ro m o so rb  W, tre a te d  w ith HMDS 
a t various colum n te m p e ra tu re s  (150° -*185°C) and th e  flow r a te s  (33 -»50 m l /  
m in) could not d is tin g u ish  betw een the s ily la ted  (HMDS/TMS 2/1 v /v  in p y rid in e ) 
iso m e rs . M oreover, in co m p le te  e lu tion  o c c u rre d  im plying th a t d es ily la tio n  a n d /o r  
o th e r  reac tio n s  took p la c e  on the colum n even.ihough it w as ex h au stiv e ly  tre a te d  
w ith HMDS p r io r  to sa m p le  in je c tio n s . SE 30 (oven a t  170°, flow r a te  60 m l/m in )  
gave a sh a rp  peak but u n reso lv e d . TFA  d e r iv a tiv e s  o f the is o m e rs , p re p a re d  by 
reac tio n  w ith TFA an hydride  a t R T , could not be se p a ra te d  on DEGS o r  SE 20 
un d er conditions s im ila r  to  those  of the TMS d e r iv a tiv e s  of the iso m e rs .


TLC on s ilic a  g e l p rep a red  in 0. 4 M HgBOg (20 cm  p la te s )  is  not ideal
fo r  such  w ork a s  can be seen  in T able VIII, w here  R values a r e  given along w ith
r
the peak s of in te re s t in  the IR and NMR, (See a lso  Fig. 6).
5-D  DISCUSSION
27
It is  convenient to d isc u ss  each  reac tion  and product se p a ra te ly .
The s ta rtin g  m a te r ia l, 1 ,3 -0 -benzy lidene g lycero l, LXXVIII, is  the m ost
27, 50, 52
com m only used  in te rm ed ia te  fo r p rep a ra tio n  of sa tu ra te d  2-a c y l- ra c -g ly c e ro ls  
R eaction  of g ly cero l w ith benzaldehyde affords 4 products: two o ily  iso m ers  
(1, 2-benzyIidene g ly c e ro ls )  com prising  80-85% of the reac tio n  product (k inetica lly  
con tro lled  reac tio n ) and two c ry s ta llin e  iso m e rs  (1, 3 -benzylidene g ly c e ro ls )  
com prising  15-20% of the reaction  product (therm odynam ically  con tro lled  reac tio n ) '
T h is fact exp lains the low y ie lds (6-20%) obtained in o u r p rep a ra tio n s  (a f te r  two
51 62
re c ry s ta lliz a tio n s) , and we did not try  to in c re ase  it by ac id ic iso m eriza tio n
G enerally , se p ara tio n  of 1 ,3-0-benzylidene g ly cero l from  its  iso m e r 1 ,2 -0 -
benzylidene g ly cero l is  achieved by frac tio n a l c ry s ta lliza tio n  of the com pounds
52th em se lv es o r  th e ir  d e riv a tiv e s  . Proof of the 6-m em bered  rin g  size  had been
52
achieved by d eriv a tiza tio n  and conversion  to  w ell known g ly cero l d e riv a tiv e s  and
1 27m o re  recen tly  H NMR spectroscopy  w as shown to be a useful technique . GLC,
on th e  o ther hand, could not d istingu ish  between 1, 2- and 1, 3 -0 -benzy lidene 
27g ly c e ro l . O ur product w as shown by NMR to be devoid of s ig n a ls  and f 5. 75 and
275. 78 c h a ra c te r is tic  of Ph-CH pro tons in 1 ,2-0 -benzy lidene g ly c e ro ls  , which w as 
reg a rd ed  a s  sufficient evidence of s tru c tu ra l pu rity  fo r ou r s ta r t in g  m a te ria l in
subsequent syn thetic  usage. C onsiderab le c o n tro v e rsy  ex isted  about the m .p . of
50 52 62 631, 3 -0 -benzy lidene g ly c e ro ls  ’ ’ . Mainly w ith the aid of IR spectroscopy
the c i s -configuration  w as assigned  to  the h igher m elting  iso m er (m. p. 82. 5 -83 . 5 ^  
53o r  83. 9 ) w hilst the tra n s  configuration  w as given to the low er m elting  iso m e r
(m .p . 6 3 .5 -6 4 .5 ^ ) .  O ur sev era l p rep a ra tio n s  gave m .p .’s alw ays at 80-81°C .
(See a lso  re f . 50, 62). T h is, in conjunction w ith NMR d a ta ,is  indicative of som e 
t r a n s - iso m e r  contam ination. N evertheless, th is  does not m a tte r  for our reac tio n  
schem e.
The 1, 3-0-benzylidene g ly cero l was rep o rted  to be fa ir ly  s ta b le '^  when 
27 27s to re d  in cold , but not when s to red  at RT . We found it, by NMR, to  be s ta b le
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at -20° fo r a t le a s t 11 m onths, and h ea t s tab le  (1 0 5 °/3  h) by m .p . ,  TLC  and NMR.
The compound is  h ighly su scep tib le  to  m o le c u la r  re a rra n g e m e n t under ac id ic  
64conditions but it is  g en e ra lly  s tab le  under b a s ic  rea c tio n  conditions.
The p re p a ra tio n  of 2 -0 -b e n zy lg ly ce ro l w as  c a r r ie d  out fo r i ts  u se  a s  a
m iddle g ly c e ro l com ponent in ou r re p e titio n  of DPG sy n th esis  acco rd ing  to S au n d ers  
a
and Schw arz (C hapter 4). The co m p ara tiv e ly  d r a s t ic  ac id ic  conditions re q u ire d  
fo r its  rem o v a l lim it i t s  u se fo r  p re p a ra tio n  of u n sa tu ra ted  lip ids, although it is  
rem oved u n d er n e u tra l conditions by h y d ro g en o ly sis  o v er Palladium  c a ta ly s ts
36
T his fe a tu re  has  been used  ex tensive ly  in the p re p a ra tio n  of 1 ,3 -d iac y lg ly c e ro ls
42o r 1, 2-d ia c y l-sn -g ly c e ro ls  w ith s a tu ra te d  o r  slig h tly  u n sa tu ra ted  (blocked) fa tty
acy l m o ie tie s .
2 -0 -(2 '-T e tra h y d ro p y ra n y l)  g ly c e ro l w as  p re p a re d  v ia the Route A (Schem e
XII) because  2, 3 -d ih y d ro -4 H -p y ran  proved  to  be a  convenient p ro tec tin g  g roup  fo r
is v 
49
49 66alcoholic functions in v a rio u s  fie ld s  a w ell a s  in lipid ch e m is try  d e sp ite  i t s
draw back of in troducing  a c h ira l c e n t r e " .  We w e re  p a r tic u la rly  a t tra c te d  by th e
67fac t that rem o v a l of THP is  a m ild ac id ic  p ro c e s s  and is  accom panied by le s s
m igra tion  when co m p ared  w ith the t r i ty l  g roup  in the ca se  of p ro tec ted  1, 2-d ia c y l-
r a c - g ly c e r o ls ^ ?  THP group  can a lso  be rem o v ed  by b o ric  acid  hydrolysis****.
A cetals can  u sually  be d is tille d  w ithout decom position . Although 1 -0 -(2 '- te tra h y d ro -
p y ran y l)-r a c -g ly c e ro l w as purified  by final d is t i l la tio n  ( 120° / 0 . 1 m m ) and the
66d ig ly c e rid e s  p re p a re d  th e re o f w ere  p u re  by T L C  and m .p . , we avoided 
d is tilla tio n  a s  a m ean s of p u rifica tio n  of o u r fin a l product because  a c e ta ls  and 
ke ta ls  a r e  unstab le  a t e leva ted  te m p e ra tu re s  in  the p re se n ce  of (neighbouring) 
hydroxylic functions:
/ ^ ° r 1
R'CH +  2R 1OH a  RCH + 2ROH
'"'O R  O R 1
Since the p roduct w as an o il it h as  fo u r d isad v an tag es :
i) C hrom atog raph ic  pu rifica tio n  proved to  be u n sa tis fac to ry , m ain ly  due to  
the re la tiv e ly  high hydroph ilic  n a tu re  of the  product.
ii)  R esem bling  g ly c e ro l in p h y sica l s ta te , i t  m ay be qu ite  hygroscop ic and 
d ifficu lt to  s to re .
ii i )  As a low MW oil, i t  is  d ifficu lt to m an ipu la te  fo r DPG sy n th esis .
iv) It can  su ffe r  iso m eriza tio n  of the type:
not easily  detec ted  by NMR o r  o th e r techniques.
The p rep a ra tio n  of the p, g, g - trich lo ro e th y lca rb o n a te  e s te r  LI1 (Y = 
CC1 CH OCO-) w as undertaken  fo r  one rea so n  m ainly, nam ely aim ing  at the 
p rep ara tio n  of LXXXIII:
CC13CH2 ° V?
o  rOPO
II
FAO*
c c i 3 c h 2o c o H
OFA
-OPCh 
CC1 CH O O • OFA 
-O FA  
LXXXIII
FA = fatty acyl
This m olecule could conceivably  be d ep ro tec ted  in one step . P ro tection  of
68
hydroxylic function by CC l,CH „O CO - group is a re la tiv e ly  new method and h as  1
1 69
been applied in g ly c e rid e  ch e m is try  (but see  C hapter 6). The p re c u rso r  
LXXIX (Y = C C L C H .O C O -) w as p rep a re d  in high y ie lds (ca. 88%) a s  a very  nice 
c ry s ta llin e  solid , and it w as found to  be s tab le  a t -20 C fo r a t le a s t 11 m onths. 
Unfortunately, the p rep a ra tio n  of the req u ired  compound LII (Y = C C lg C H ^ C O -) 
is not a rep roducib le  p ro ce d u re . H ydrogenolysis at W arwick using 10% Pd on 
charcoal (Johnson M atthey C hem icals L td ., London) gave iso m erica lly  pure 
c ry s ta llin e  product in high y ie ld . The p roduct so obtained w as found to be stab le  
at -20°C  fo r 40 days by IR and NMR, but a ca . 50% decom position  by cyclization  
had o ccu rred  during  10 m onths s to rag e  a t  -20°C  (NMR detection). H ydrogenolysis 
at Stony Brook using 10% Pd on ch a rco a l (Stem C hem icals In c ., D anvers, M ass. ) 
afforded product contam inated  w ith ra c -g ly c e ro l 1, 2-ca rbona te  and p, p, p- 
trich lo roe thano l. Both b y -p roduc ts  could not be rem oved by c ry s ta lliz a tio n s .
1 1 2
Its in stab ility , coupled with lack  of rep ro d u c ib ility  in i t s  p re p a ra tio n , m akes the
use of th is  in te rm ed ia te  in g ly cerid e  c h e m is try  highly r isk y , and th e re fo re , its
use is  not recom m ended  in  c a s e s  w here  a  vicinal hydroxylic  group  is  fre e .
69ciPfeiffer et al dem o n stra ted  that 1-(g, g, g -trich lo ro e th o x y ca rb o n y l) g ly cero l can 
afford quan tita tive ly  g ly cero l 1, 2 -ca rb o n a te  when heated  a t 60°C fo r 18 h. No 
kinetic s tu d ies  w ere  done. W ith th is r e s u l t  a t hand we thought that o u r 2-(g, ft g- 
trich lo roe thoxycarbony l) g ly c e ro l could have been s tab le  enough in o rd e r  to e ith e r  
surv ive o r  su ffe r little  cyc lization  d u rin g  the g en e ra lly  used 6 - 8 h coupling of 
TPS ac tiva ted  PA with a lc o h o ls ^  o r  phosp h o ro ch lo rid a tes  w ith  a lcohols. O ur se m i- 
quantitative r e s u lts  shown in F ig. 5. M ore ac cu ra te  d a ta  could not be obtained 
because of much overlap  of peaks in the region 3 <  6 <  7 of the NMR sp e c tra .
It is a lso  evident that 1H NMR p e rm its  the ra te  of cy c liza tio n  of e i th e r  iso m e r  to 
be followed but cannot afford clues about the m echanism  of iso m eriza tio n :
» - is o m e r  a  g - iso m e r.
Study of th is  iso m eriza tio n  w as not p o ss ib le  since no cond itions w ere  found to allow 
the detection  of the one iso m e r  in the p re se n c e  of the o th e r . It is obvious that 
under the conditions used th e re  is  a c a . 30% cyclization  of the g - iso m e r, during 
the f i r s t  6 h reac tio n , which i s  too m uch fo r the syn the tic  u se  intended. F rom  the 
figure it is  a lso  evident that the » - is o m e r  cy c lizes  slo w er than the g -iso m e r and 
th is can be explained by the fact that in the g - iso m e r  the e ffec tive  concentra tion  
of -OH groups is  tw ice that of the o r is o m e r .  A ten ta tive  m echanism  can be 
form ulated  a s  follows:
H.
HO- HO- o H° l
^ O - a  CC l-CH -O . JO-
II
a  C C l - C H - O - C - O -
3 v
3 2
o-
i
o o' L-
(*)
n -*h
< 9
CC13CH20H +
r ° ,
- o
-OH SCHEME XIII
MECHANISM FOR CYCLIZATION O F g, g, g-TRICHLOROETHOXYCARBONYL
DERIVATIVES OF GLYCEROL
. s i i n i i f i m g i i
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71 72
TBDMS w as recen tly  in troduced a s  a p ro tec tiv e  g ro u p  fo r alcoho ls
and h a s  quickly found application in  the field of n a tu ra l p ro d u c ts  such as 
54 73 74nucleo sid es ’ and s te ro id s  . It has  c e r ta in  advantages concern ing  s tab ility
tow ards a v a rie ty  of reagen ts and consequently  it can be u sed  in com bination with
72o th e r  p ro tec ting  groups o r  lab ile  m olecu les . We tried  to  apply it in lipid
72
ch e m is try . Our re su lts  w ill be d isc u sse d  in C hapter 6 . S ily lation  of 1 ,3 -0 -
benzylidene g lycero l afforded LXXIX (Y = TBDMS) a s  a ca m p h o r-sm e llin g  liquid
in high y ie lds. This product w as found to be s ta b le  a t -2 0 ° fo r  at le a s t 3 months
(see  a lso  Ref. 54). Rem oval of the benzylidene group by hydrogeno lysis  w as
achieved using Pd on charcoal in EtOH. H ydrogenolysis in  MeOH o r  TH F w as a lso
effec tive  but in AcOEt was not s a tis fa c to ry  (s ta r tin g  m a te r ia l reco v ered ). [Cf.
hydrogenolysis of LXXIX, Y = THP in AcOEt w here  s ta r t in g  m a te r ia l w as
rec o v e red  even a f te r  23 h reac tio n ] . In a ll c a se s  an in te rm e d ia te  p roduct and
g ly c e ro l w ere  detected . The la st obse rva tion  ind ica tes th a t TBDMS is not to tally
s ta b le  to hydrogenolysis. T his fac t co n tra d ic ts  the s ta te m en t of C orey and 
72V enkatesw arlu  that TBDMS is s tab le  under com parab le  hyd rogeno lysis  conditions. 
But con tro l experim en t using LII (Y = TBDMS) showed tha t hard ly  any g ly c e ro l w as 
produced . So it m ay be that rem ova l of TBDMS during  hydrogeno lysis  is a fea tu re  
of th e  p a r tic u la r  m olecule used. The above sem i-q u an tita tiv e  data  point to  a 
m echanism :
P°r
Ph
OTBDMS
rOH
T B D M S -O -
LOCH2Ph
T B D M S -O
rOH
l OH
LXXIX
7lp r
LXXXIVl
HO-i 
HO-
<-OCH2Ph
r-OH
-OH
-OH
LII
SCHEME XIV HYDROGENOLYSIS OF LXXIX 
T he purity  of the product LII (Y = TBDMS) w as checked by 90 MHz ^H NMR and
» ¡ .m ii i i i i i tn i
1 14
w as se cu red  by re c ry s ta lliz a tio n  g iv ing  beautifu l c ry s ta ls  (p la tes  like naph thalene). 
This com pound h as sa tis fa c to ry  s ta b ili t ie s  as  sta ted  in the ex p e rim e n ta l p a r t ,  i t  
does not se em  to be hyg roscop ic  and i s  v e ry  conveniently  m anipulated  (See 
C hap ter 8 ).
We p rep a re d  LXXIX (Y = -CH  = CHCH ) fo r  two re a so n s :
CH CH ^
a) p re p a ra tio n  of LII (Y = -CH  2 3) and
rs'^5H10
b) ex p lo ra tio n  of the vinyl e th e r  p ro tec tio n  fo r  p rep a ra tio n  of highly  u n sa tu ra te d  
d ig ly c e r id e s .
The p re p a ra tio n  of LXXIX (Y = -CH CH = CH )w a s  achieved a s  d e sc r ib e d  in  85%
56 ^ “
y ield  (cf. y ie ld  36% ). The a lly l e th e r  p ro tec tion  is  used ex ten siv e ly  in c a rb o -
75 55hydrate  c h e m is try  and to a le s s e r  ex ten t in lipid c h e m is try  . A s an e th e r  is
stab le  u n d er m ild ac id ic  conditions re q u ir in g  th e re fo re  m ore  d r a s t ic  a c id ic
conditions fo r  i ts  rem o v a l. Iso m eriza tio n  into v inyl e th e r  is  affec ted  e i th e r  by
76 7 7  78
po tassiu m  ^-butoxide in DMSO (quan tita tively ) o r  R hC l(P P h ,^  (not q u an tita tiv e ly )  .
Vinyl e th e r s  a re  su scep tib le  to v e ry  m ild  acid h y d ro ly s is  ’ o r  to  a  v a r ie ty  of
o th e r r e a g e n t s ^ ’ ^  lib e ra tin g  the p a re n t alcohol o r  they can  su ffe r  in tra m o le c u la r  
55 76pyclization  ’ . We effected  the a lly l-v in y l iso m eriza tio n  u sing  p o ta ss iu m
Jr-butoxide - DMSO and a s  a  b y -p ro d u c t pu re  t r a n s  2 -th iom ethy l- 1 -phenylethy lene
w as obtained by an unknown m echan ism . D eriva tiza tion  of LXXIX (Y = -C H  = CHCH„)
59 Jby a m in o m e rc u ra tio n  - d em erc u ra tio n  w as tr ie d  in  o rd e r  to  p roduce an  N, O-
ac e ta l w hich could be s tab le  under hydrogeno lysis conditions, su ffe r  no cy c liza tio n
and could be rem oved  under even m ild e r  ac id ic h y d ro ly s is  cond itions. A m ino-
59m e rc u ra tio n  of LXXIX (Y = -CH = CHCH^) acco rd in g  to H all e t a l seem ed  to  have 
taken p la ce  since  no vinyl e th e r  g roup ing  w as seen  on IR and TLC  showed no 
s ta rtin g  m a te r ia l p re se n t. It w as a lso  evident tha t th is  re a c tio n  r e q u ir e s  s t r ic t ly  
anhydrous conditions s ince  t r a c e s  1, 3 -0 -benzy lidene g ly cero l w as seen  on IR 
ind icative of hyd roxym ercu ra tion  affo rd ing  s e m i-a c e ta l w hich co ’lapsed  to  p a re n t 
alcohol . D em ercu ra tion  of the p resu m ab ly  fo rm ed :
OCH —CHCH„
\  I 3
C 5 H1QN HgCl LXXXV
w as tr ie d :
I * m ' if iff iff I m lllM l™
a) by reduction  w ith NaBH4 under basic  conditions ,
b) by reduction  with NaBH^ in non-p ro tic  po lar m edium  (DMF).
In a ll c a se s  d e m e rc u ra tio n  did take place (black p re c ip ita te ; probably  m ix tu re  of 
Hg° and HgO) but a lw ays 1 ,3-0-benzylidene g lycero l w as rec o v e red  in stead  of 
LXXIX (Y - - C < “  s H |o  )
2-t-B u toxyg lycero l w as d es ire d  m ainly as  a re fe re n c e  com pound fo r
evaluation of conditions fo r  rem oval of o the r p ro tec ting  g ro u p s from  LII. The
reason ing  w as that the conditions of de-^-butylation  of blocked DPG (L, Y = CMeg)
w ere  known from  the w ork  of de Haas and van Deenen7  and if the k inetics' of
rem oval of ¿ -bu ty l g ro u p  from  LII (Y = CMe3> a re  es tab lish ed  then the u se fu lness
of any Y in LII can be eva lua ted  in conjunction with our syn thetic  plan (Schem e XI).
Because ¿-bu ty la tion  of LXXVIII w as not possib le we sought an a l te rn a tiv e  route
sta rtin g  from  ta r tro n ic  ac id  diethyl e s te r .  The reac tio n  of isobutylene with ta r t ro n ic
acid d iethyl e s te r  in the p re se n ce  of acid ca ta ly st w as not a c le a r  reac tio n  and by
fa r  no quan tita tive  co n v e rs io n  w as ev e r  achieved. A lw ays s ta r t in g  m a te r ia l w as
81p rese n t and lo ts  of "d iisobu ty lene” . Probably the p re se n c e  of two e lec tro n
w ithdraw ing g roups or to  the hydroxy group rendered  th is  oxygen le s s  su scep tib le
to a ttack  by the M e„C+ sp e c ie s  which in turn  rea c te d  f a s te r  with = ^ ,  thus 
^ 81producing the so -c a lle d  "d iisobuty lene". Reduction of the c ru d e  product with 
LiAlH^ afforded only 11.5%  overa ll yield of the d e s ire d  compound LII (Y = CM e^). 
S im ilarly  u n su ccessfu l w as te trahydropyrany lation  and 2-m ethoxypropanylation  of 
ta r tro n ic  ac id  d ie thy l e s te r .  2-M ethoxypropanyl group  probably  is  too labile to be 
useful.
K inetics of_t_-butyl group rem oval by NMR alone w as not m eaningful. 
Com bination of NMR and TLC showed that th e re  is  a need fo r  one equivalent of acid  
fo r com plete rem o v a l o f ¿-bu ty l group. This is  because  the MegC+ ion is  cap tu red  
by the Cl p re se n t b e fo re  it re a rra n g e s  to: H (see  a lso  Refs. 81 ,82).
7
In th is  re sp e c t it s e e m s  that the conditions used by de H aas and van Deenen 
(bubbling HC1 gas in a CH^ Cl ^  solution of ¿-butylated  DPG at 0°C fo r 5 h) a r e  not 
ju stified .
In conclusion , th ese  s e r ie s  of reac tions afforded an idea about the s ta b ility  
of p ro tec ting  g roups re la tiv e  to each o ther and m o reo v e r excluded ta r tro n ic  acid 
d iethyl e s te r  a s  a u se fu l s ta rtin g  m a te ria l fo r various LII m olecu les. Base 
ca ta ly sed  in se rtio n  of p ro tec tin g  group is to be p re fe r re d  to the acid ca ta lysed ,
1 1 6
since acid  c a ta ly s is  m ay cause  r in g  co n trac tio n  of 1, 3- to  1, 2 -0 -benzy lidene 
g ly c e ro l p r io r  to e th e rifica tio n . C ry s ta llin e  in te rm ed ia te s  fo r  LXXIX and p a r tic u la rly  
L1I a r e  to be p re fe r re d  since they can  be ea s ily  pu rified , s to re d  and handled. In 
g ly c e ro l c h e m is try  e th e r  p ro tec tio n  is  to be p re fe r re d  o v er a c e ta l/k e ta l,  e s te r  o r  
carbonate  p ro tec tion .
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C H A P T E R  6
B U I L D I N G  B L O C K S  F O R  P P G .  II. DIGLYCERIDE PART
6- A INTRODUCTION
A. P ossib le  Ways fo r  1 ,2 - D ia c y l-sn -g ly c e ro l Synthesis
T h ree  p o ss ib le  ways a r e  open fo r  the sy n th esis  of an op tically  ac tiv e  
83iso m e r  of a com pound with s e v e ra l c h ira l ce n tre s :
a) S tarting  from  a su itab le  op tically  a c tiv e  p re c u rso r , optical ac tiv ity  is  c a rr ie d  
through a syn thetic  sequence involving s te re o se le c tiv e  reac tions .
b) R eactions can be done s te re o se le c tiv e ly  in the racem ic  s e r ie s ,  o p tica l 
reso lu tio n  then being undertaken only a t the end of the reaction  sequence.
c )  By a sy m m e tric  sy n th esis .
A sy m m etric  sy n th e s is84 s ta r t in g  from  an ac h ira l p re c u rso r  and  using a 
c h ira l reagen t fo r s te re o se le c tiv e  c re a tio n  of a c h ira l in te rm ed ia te  h a s  not yet 
found application  in g ly cerid e  c h e m is try , p resum ably  because of d ifficu lty  in 
obtain ing 100% en an tio m eric  pu rity  and the ex is ten ce  of m ore convenient ways for 
obtaining a d e s ira b le  ch ira l m olecu le (see  Method (a) above). 100% en an tio m eric  
pu rity  can be ach ieved  by using en z y m e s. Two conceivable reac tio n s  a r e  as 
follow s:
-OH RCOO-i
-O H  - ? -  HO*
■ OH - OH
-OH
■OH
-OH
G lycero l K inase 
ATP
HO
HO»
H /O H
L° P \
OH
w hile fo r  the f i r s t  reac tio n , to  the b e s t of o u r  knowledge, no enzym e has been 
found, the second rea c tio n  is  ru led  out on econom ic grounds.
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R esolution of an in te rm ed ia te  in g ly cerid e  c h e m is try  has  c e r ta in  d isad -
... 85avantages, like
i) the likely need fo r  se v e ra l syn thetic  s tep s to p re p a re  a m olecu le c a rry in g  
functional g ro u p (s )  su itab le fo r  reso lu tio n
ii) functionalised  d ig ly c e rid e s  a r e  p rone to  racem iza tio n  via acy l m igration , 
a f te r  re so lu tio n  and during  the rem oval of the functionaliz ing  group
iii)  d ig ly cerid es  obtained by re so lu tio n  invariab ly  p o sse sse d  low er optical 
ac tiv ity  than th o se  obtained by the m ethod (a) (above).
S tarting  d ig ly c e rid e  sy n th e s is  from  a m olecule having the req u ired
85ste reocon figu ration  received  the overw helm ing a tten tion  . Such a s ta rtin g
85a
m olecule is  D -m ann ito l introduced into lipid c h e m is try  by F isc h e r  and Baer
Suitable d e r iv a tiz a tio n  and sp litting  of D -m annito l leads to  four key in te rm ed ia te s:
OH
RCOO 
HO»
LXXXVI
x :
•OH
LXXXVII
acid and base lab ile
acid  lab ile
K
O-
O*
<-OH
LXXXVIII
base lab ile
PhCH2O i  
PhCH20»
acid and H2/c a ta ly s t  labile
LOH
LXXXIX
Only LXXXVII of the above in te rm ed ia te s  Ha« been in tensive ly  investigated , 
probably because  the  o th e rs  have shortcom ings o r  w ere  only rec en tly  introduced
I I f
86
into lip id  ch e m is try .
The in te rm ed ia te  LXXXVI w as p re p a re d  by K abanova and Shvets” " s ta rtin g  
from  D -m ann ito l, XCI, the fin a l (seven th ) step  being:
HO- rOCOR
« o  —c h 2— O*  
LOCOR
H
RCOO-i 
2 HO»
OH *-OH
XC LXXXVI
The p re p a ra tio n  of th is  in te rm e d ia te  h as  c e r ta in  d raw b ac k s  because
a) it involves seven s te p s , th e se  being tim e  consum ing
b) the  final s tep , XC -» LXXXVI, r e p re s e n ts  cleavage of a  fo rm aldehyde ace ta l
in  the p re se n c e  of a neighbouring  e s te r  grouping. S im p le  k e ta ls  a r e  g en e ra lly  
3
10 t im e s  m o re  lab ile  than the co rresp o n d in g  a c e ta ls ,  w hich in tu rn  a r e
3 87> 10° tim e s  a s  lab ile  a s  the  co rre sp o n d in g  fo rm aldehyde  a c e ta ls  . C onsequently ,
th is  step  p re s e n ts  the r e a l  draw back  of the schem e.
c )  the  p roduct LXXXVI, being  ac id , b ase  and hea t lab ile  c a n  su ffe r acy l m igra tion  
d u rin g  e i th e r  s to rag e  o r  re a c tio n .
In conclusion , it is unlikely  th a t th is  schem e w ill find w ide app lica tion  in 
g ly c e r id e  sy n th e s is .
X,0O
H O
D -m annito l
-OH
«O.
X3 -x ° J
r x
lo h
XCI XCII x e n i LXXXVII
SCHEME XV SYNTHESIS OF LXXXVII
Schem e XV is  that m o st com m only used to  p ro v id e  1, 2 -0 -iso p ro p y Iid e n e -sn -
g ly c e ro l, 'EXXJtVII, a s  a key in te rm ed ia te  fo r d ig ly c e rid e  sy n th esis . The f i r s t
88re a c tio n , XCI -vXCII, p re se n te d  a lot of p ro b lem s m ain ly  concern ing  the yield .
IF u rth e r  im provem ents involve t r a n s -ace to n a tio n  w ith  2, 2 -d im ethoxypropane
89 31 90(31% y ie ld ) and m odifications of the o rig in a l m ethod ’ . C leavage of
1, 2:5, 6-d i-O -isop ropy lidene-D -m ann ito l, X CII-*X CIII, w as in itia lly  p e rfo rm ed
using Pb(OAc)^ followed by ca ta ly tic  hydrogenation  ov er Raney N ickel‘d ’
T his m ethod w as subsequently  re p la c e d  by N alO . oxidation followed by in situ  
91reduc tion  with NaBH^ . This in te rm e d ia te , although adequate fo r  the p re p a ra tio n
of sa tu ra te d  1, 2-d ia c y l-sn -g ly c e ro ls , i s  not g en e ra lly  su itab le  m ainly  because
of the s ta b ility  of the isopropylidene g ro u p , which does not allow  g re a t  f lex ib ility
in the choice of p ro tec ting  group fo r  th e  f re e  -OH in LXXXVII.
T he in te rm ed ia te  LXXXVIII w a s  p rep a red  from  LXXXVII (4 s te p s )  . T h is
92
w as q u ite  a lengthy p rocedu re  and th e  o v e ra ll y ie ld  w as low. Zhelvacova e t al
dev ised  ano ther synthetic rou te (6 s te p s  from  D -m annito l) w ith a b e t te r  o v e ra ll
y ie ld . T h is  m olecule allow s the in tro d u c tio n  of any acid  lab ile  g roup  a t i ts  f re e
-OH b ecau se  the rem oval of the c y c lic  ca rbonate  group  is  ach ieved by b ase  .
U nfortunately , LXXXVIII cannot be u se d  as a s ta r t in g  m a te r ia l fo r  1 ,2 -d ia c y l-sn -
g ly c e ro ls  syn theses because it w as found to su ffe r rac em iz a tio n  du rin g  d is t i l la tio n
92
(pu rifica tion  step)*; but see  .
* 9 3  9 4
Schem e XVI w as used to p r e p a re  LXXXIX ’ . The re su ltin g  p roduct
LXXXIX allow s the in troduction  of any  group  (stab le  to h yd rogeno lysis) a t i ts  f re e
-OH g ro u p . Recently, a new rou te  to  the sam e com pound w as d e sc rib ed  s ta r t in g
9S
from  LXXXVII (5 m ore step s) .
U sually, p rob lem s occu r d u r in g  the next sequence of re a c tio n s : Schem e 
XVII. G roup X should p re fe rab ly  h av e  the following p ro p e r tie s :
i) s ta b ili ty  during sto rag e  e i th e r  in  IC  o r  C
ii)  s ta b ili ty  during the rem oval of g ro u p (s )  and Y  ^
i ii)  non -p artic ip a tio n  in an exchange rea c tio n  w ith the neighbouring -OH group
iv) quan tita tive  rem oval without c a u s in g  m ig ra tion  of R^CO- group
v) the form  in which X is rem oved  should b(y se p a ra te d  from  the 1, 2 -d iac y l-  
sn -g ly ce ro l, thus avoiding the n eed  fo r fu r th e r  purifica tion  by e .g .  colum n
1 âch rom atography . H ere, the u se  o f po lym ers a s  p ro tec tin g  g ro u p s could 
be beneficial, though no s tu d ie s  have been done in the lipid field .
A g ro u p  X fulfilling the above d em an d s  could be ca lled  the ideal p ro tec tin g  g roup
R. Gigg : personal com m unication .
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of g ly c e rid e  ch e m is try . Because, so  fa r ,  it h as  not been  invented and the e x is tin g
m ethodology is  inadequate fo r  po lyunsa tu rated  1, 2-d ia c y I-sn -g ly c e ro l sy n th e s is ,
com pounds, CIII, have been c r it ic is e d  a s  s ta r t in g  m a te r ia ls  fo r  phospholipid 
6dsy n th e s is  . A lso, phosphory lation  of u n sa tu ra ted  1 , 2 -d ia c y l-sn -g ly c e ro Is  had 
to  be c a r r ie d  out w ith polyfunctional phosphory la ting  agen ts, e .g .  POCl^, lead ing  
to  com plicated  rea c tio n  p roducts the reby  n e c e s s ita tin g  ca re fu l p u rifica tio n  by 
colum n ch rom atog raphy , and re su ltin g  in low o v e ra ll y ie ld s  of the d e s ire d  
p h o sp h o lip id s^ .
T able IX su m m a riz e s  the use of v a rio u s  X g ro u p s  fo r  IC along w ith re le v a n t 
in fo rm ation  fo r  the p re p a ra tio n  of 1, 2 -d ia c y l-sn -g ly c e ro ls ,  cf. Schem e XVII.
B. Iso m eriz a tio n  in D ig lycerides and th e ir  P re c u rs o rs
Although no d e ta iled  s tu d ies  on the iso m e riz a tio n  of LXXXVIII have been
published  (but see  re f .  181 ) it is  to be expected  tha t the ca rb o n a te  p a r t  w ill
m ig ra te  under the in fluence of b a s ic  c a ta ly s ts  o r  th e rm a l cond itions. The la t te r
92h as  been  observed  (see  footnote on page 120), but R ussian  w ork showed th a t the
■J, 2 -d ip a Im ito y l-sn -g ly c e ro l p rep a re d  via th is  in te rm e d ia te  had a b e t te r  o p tica l
ro ta tio n  value than the sam e d ig ly cerid e  p rep a re d  v ia s n -g ly c e ro l-3 -b e n z y l e th e r .
O bviously, m ore  w ork  is  needed on th is  point, s in c e  com pound LXXXVIII h as
advan tages a s  s ta r t in g  m a te r ia l fo r  d ig ly c e rid e  sy n th e s is .
The m ost com m on s ta r tin g  m a te r ia l fo r  XLI (X = halogen o r  -OH) is  1, 2 - 0 - iso -
p ro p y lid e n e-sn - g ly c e ro l, LXXXVII. Although th e  isop ropy lidene g roup  is  fa ir ly
stab le  to  acid  h y d ro ly s is , t r a c e s  of 6-m em b ered  iso m e r , 2, 2-d im e th y l- 1, 3 -
d ioxanol, can  develop on standing. T h is  iso m e riz a tio n  can  be the re a so n  fo r  the
102dim inution of op tical ac tiv ity  of LXXXVI1 on standing  . T h is  m a te r ia l th e re fo re
27
should be used a s  soon a s  p ossib le  o r  s to red  over NaOH p e lle ts
The p re p a ra tio n  of m ixed ac id  XLI (X = halogen o r  -OH ) inev itab ly  p a s se s
through a stage w h ere  an acy l g roup  is  alpha to a f re e  -OH. In such a c a se  th e re
27is  alw ays a p o ssib ility  of acy l m ig ra tio n  o r  in tra m o le c u la r  tra n s e s te r if ic a t io n
T his can  happen under th e rm al, ac id ic  o r  b a s ic  cond itions. In the ca se  of
m onog lycerides the eq u ilib riu m  m ix tu re  c o n s is ts  of 90% “ -m onog lyceride  and 10%
g-m onog lyceride . T he d riv ing  fo rce  of such an iso m e riz a tio n  m ay be in tra m o le c u la r  
27s te r ic  r e l ie f  . P ra c tica lly , it is  of im portance  to  know not only of the o c c u rre n c e
of iso m eriza tio n  but a lso  the ra te  of iso m eriza tio n . Baer and F isc h e r 106 showed
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that no m ig ra tio n  of the fa tty  acy l chain in a -m onog lycerides ta k e s  place in 
pyrid ine so lu tion  a f te r  72 h a t 18 - 20°C. The ra te  of acid  ca ta ly sed  acy l m igra tion
101in m onoglycerides has  b een  shown to be dependent on the n a tu re  of acy l group.
M ore p re c ise ly , the s iz e  (length), substitu tion  (shape), and e le c tro n ic  e ffec ts  play
27
a ro le  in ac id  ca ta ly sed  ac y l m ig ra tio n . Thus , the la rg e r  the  chain  length the 
s tro n g e r the opposition to th e  fo rm ation  of the 5 -m em bered  rin g  in te rm ed ia te , e .g .  :
and the s lo w er the iso m e riz a tio n . The substituen t R can a ffec t the m igra tion  
s te ric a lly  by inhibiting a t ta c k  of v ic ina l -OH on carbony l carbon . A lso, e lec tro n ic  
effec ts  w ill p lay  a ro le  in co n tro llin g  the re la tiv e  e lec tro p h ilic ity  of carbonyl 
carbon.
An im p o rta n t finding, though not fu rth e r  investiga ted , w as that the solvent
a lso  played a ro le  in  the ve lo c ity  of ac id  ca ta ly sed  acy l m ig ra tio n  in m onoglycerides . 
Thus, acetone, d ioxane and  esp ec ia lly  w a te r  w ere  found to r e ta rd  the m igra tion  
ra te  re la tiv e  to e thanol. A no ther im p o rtan t finding w as that incubation of m ono­
g ly c erid es  w ith Lewis a c id s  such a s  H^BO^, AKOH)^, ZnfOH)^ and B(OMe)^ did 
not lead to  i s o m e r iz a t io n ^ .  A p ra c tic a l re su lt of th is  finding w as  the use  of 
H„BO a s  ac id  c a ta ly s t in  rem oving  acid  labile p ro tec tin g  g ro u p s from  pro tec ted  
m onog lycerides and d ig ly c erid e s
D ig lycerides  a re  a ls o  iso m erize d  by the sam e agents w hich affect m ono­
g ly c e rid es . The only d iffe ren ce  is  the equ ilib rium  com position , which in th is  case  
is  40 : 60 1 , 2 -d ig ly c erid e  /  1 ,3 -d ig ly ce rid e . The m ain d riv in g  fo rce  fo r is o m e r­
ization m ay again be th a t lin e a r  m olecu les such a s  1, 3 -d ig ly c e rid es  a re  the rm o-
27dynam ically  m ore s tab le , due to m in im ization  of s te r ic  in te ra c tio n s  . The ra te
of iso m eriza tio n  of d ig ly c e r id e s  is  slo w er com pared  to  m onog lycerides. T his
ra te  is su b jec t to the sa m e  s tru c tu ra l con tro ls  a s  w ith m onog lycerides. The hea t
108of iso m eriza tio n  fo r  1, 2 ^  1, 3 is 571 c a l/m o l . D ig lycerides do iso m erize  in 
109the solid s ta te
D etection  of is o m e r ic  d ig ly c e rid e s  can be achieved by TLC , NMR, IR,
[» ] and ORD and p robab ly  by MS. , *
H O -i
O
101
126
TL C  Is a convenient and quick m ethod of a sc e rta in in g  the p re se n ce  of
iso m e ric  d ig ly c erid e s  qualita tive ly  and  to  a f i r s t  app rox im ation  sem iquan tita tive ly
w ithout the aid  of soph istica ted  a p p a ra tu s . We found th a t the so lven t sy stem
ch lo ro fo rm /ace to n e  96 /4  v /v 11^ c lea n ly  se p a ra te s  iso m e ric  d ig ly c e rid e s  e ith e r
on s ilic a  g e l im pregnated  with H .B O -1<^ ’ 1 o r  w ithout H„BO .
1 J o  d d 27
H NMR can a lso  be used fo r  e s tim a tin g  p u rity  of d ig ly c e rid e s  , but we
fee l that th is  is  not so sen sitiv e  a s  T L C .
■ 1IR can  a lso  be used in the reg io n  3300 - 3800 cm  ' (OH, fundam ental 
reg ion ) and 6500 - 7500 cm 1 (OH f i r s t  overtone) to d is tin g u ish  betw een p rim a ry  
and secondary  hydroxylic g ro u p s111.
MS can probably rev ea l 1 ,3 -d ig ly c e r id e  a s  im p u rity  b ecau se  i ts  TMS 
d eriv a tiv e  g iv es r is e  to a  peak a t m /e  = [M  - {RCOOCH2 |]  due to
H C =  6 —  Si M e,
112
c h 2o c o r
which is  a b sen t from  the MS of the TM S d eriv a tiv e  of 1 ,2 -d ig ly c erid e
F inally , the op tical pu rity  of a  d ig ly cerid e  is  a s c e rta in e d  by ORD or
113sim ply  by its  optical ro ta tion  at a  fixed w avelength
C. P re se n t Work
F o r  DPG syn th esis , sa tu ra te d  1, 2 -d ia c y l-sn -g ly c e ro ls  w ere  p rep a re d  by
published p ro ce d u re s  (Scheme XV and  Schem e XVII, X = CH-Ph), in troducing
69 Zsom e m odifications. The p ro ced u re  o f P feiffer et a l w as rep ea ted  to  check its  
efficiency  and deg ree  of acyl m ig ra tio n  because no q u an tita tiv e  data w as given 
concern ing  the percen tage of con tam inating  1, 3 -d ia c y l-g ly c e ro l a s  a function of 
fatty  acy l chain  length.
A ttem pts w ere m ade tow ards the p rep a ra tio n  of iso m e ric a lly  pure  C 
(X = TBDMS) and stud ies a re  re p o r te d  on m ethods fo r  TBDMS rem ova l from :
RCOO-i RCOO-1
| | y ° -
•OSM— , RCOO- and '  T>~
1
RCOO-
l 1 U,4— L
CIV CII IC
r n
A ttem p ts w ere  a lso  m ade to  in troduce new p ro tec tin g  g roups fo r  LXXXVII. 
T hus, an o th er two g roups w ere  te sted : o -n itrobenzoy l and ace to ace ty l w ithout 
su c ce ss  a s  yet.
6-B EXPERIMENTAL 
A) SYNTHESES
1, 2:5, 6-d i-O -isop ropy lidene-D -m ann ito l, XCII
w as p rep a re d  fro m  D -m annitol [m . p. 167°C; [« ] -0 . 206° (c , 9. 7) d is td . H „0]
on u  31 1
by the m ethod of B aer , pu re  by TLC (C /M /c .  NH^ 6 5 /1 6 /2  , R p  0. 64 - 0. 72;
E t20 , R p  0 .48 ), m .p . 113° - 119° fo r v a r io u s  p re p a ra tio n s  w hose y ie ld s  varied
from  19 to 35%. [ Lit. ^  m . p. 122°C] .
IR (KBr) : 3330 (broad), 2990 (w), 2890 (w), 1388 (m), 1375 (m), 1268 (m),
1212 (m), 1162 (m), 1125 (w), 1073 (s), 1010 (m), 945 (m), 865 (s).
NMR (D20 , DSS) : 4. 80 (OH), 4. 10 (m, 8H, CH2CH CHCHCHCHp, 1 .4 2  (d, 2 .70 , 
12H, C M e J .
The m a te r ia l w as s to red  a t -20°C  and w as re c ry s ta l l iz e d  before u se . It w as
.found to be re la tiv e ly  unstab le w hen s to red  a t  RT fo r 1 y e a r  (TLC; C /M /c .  NH^
65 /1 6 /2 , R „  0 .6 8 , im p u ritie s  R 0 .25  and 0 .00 ). 
r  r
1, 2 -0 -iso p ro p y lid e n e -sn -g ly c e ro l, LXXXVII 
w as p rep a re d  by two m ethods:
B a e r 's  m e th o d ^ ’ 911 afforded c a . 75% of p ro d u c t b. p. 78 - 8 0 ° /7  m m ,n ^  1.4347 
[ l i t .  9® n j^  1.4347] . 1H NMR revea led  p re se n c e  of t r a c e s  of f re e  and e s te r if ie d  
ac e tic  ac id . T h is  m a te r ia l w as not used.
Le C ocq-B allou 's m ethod91 affo rded  7/6% of und istilled  p roduct pu re  by TLC
(E t.O , R 0. 70; E t„ 0 /h e x a n e s  1 /1 , R „  0. 25 - 0 .30 ; C /M /c . NH. 6 5 /1 6 /2 ,
Z F  Z r  o
R p 0. 77 - 0. 86) but by NMR it  w as found to  contain  t r a c e s  of f re e  and e s te r if ie d  
ac e tic  ac id . [« ] J7 ' + 8 . 76° ( c , 20. 09) MeOH. D istilla tion , b. p. 8 7 ° /1 0  m m ,
afforded p roduct pu re  by TLC (E tnO, R 0 .6 8 ), n 1 .4325, [a ] _  + 1 0 .9 0
114 20 ^ ^ u  u
(c , 11 .5 ) MeOH. [L it. n ^  1.4345, [<*] D + 10. 7 (c, 13 .23) M eO H ],
contam inated  sligh tly  by a c e tic  acid .
IR (nea t) : 3450 (s), 2990 (s), 2940 (s), 2885 (s), 1725 (very  w eak), 1460 (m),
1382 (s), 1371 (s), 1260 (s), 1212 (s), 1160 (s), 1050 (s), 972 (m),
845 (s), 795 (w), ‘s e e  a lso  Ref. 115.
t
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NMR(CDC13, TMS) : 3. 96 (m, 5H, CH2CHCH2X 2 .8 7  (s , 1H, OH), 1 .38  (d, 3 .60 , 
6H, CMe2 ), 2.01 (s, CHgCOOH tr a c e  contam ination).
This compound w as u sed  im m ediate ly  a f te r  its  p re p a ra tio n .
1, 2- 0 - iso p ro p v lid e n e -sn -g ly ce ro l 3-benzyl ether, IC = ^ M e ^  X = CH2Ph)
w as p rep a red  acco rd in g  to  Howe and M alkin9^ in 28 - 46% y ie ld s, b. p. 92 - 4 ° /
0 .6  mm [ l i t . 96 95 - 7 ° /0 .  3 m m ] pure by TLC (E t2 0 , R p  1.00; E t20 /h e x a n e s  
1/1, Rp  0. 73, E t20 /h e x a n e s  1/3, R p  0. 42), n^6' 6 1 .4936  [ l i t .  96 n^6 1 .4 9 7 0 ].
IR (neat) : 3065 (w), 3030 (w), 2990 (m), 2935 (m), 2865 (m), 1495 (w), 1452 (m), 
1378 (s), 1368 (s), 1253 (s), 1210(s), 1160 (s), 1086 (s), 1050 (s),
842 (m), 732 (m), 695 (m).
NMR (CC14> TMS) : 7. 23 (s, 5H, A r-H ), 4. 54 (s, 2H, A rC H 2 ), 3. 80 (m, 5H, 
CH2CHCH2), 1.31 (d, 2 .40 , 6H, C M e J .
sn -g ly ce ro l 3 -benzyl e th e r ,  C (X = CH„Ph)
—  ^ 9 7  ow as p rep a red  acco rd in g  to Howe and M alkin in  66% y ie ld , b. p. 129 - 130 /
OO Q£ 4 f.
0 .  45 mm, pure by T L C  (E t20 , R p 0 .44), n ^  1.5308 [ l i t .  n ^  1 .5 3 4 2 ].
IR (neat) : 3490 (s , b road ), 3070 (w), 3035 (w), 2930 (m ), 2870 (m), 1495 (w),
1455 (s), 1365 (w), 1210 (w), 1105 (s), 1075 (s), 1040 (s), 925 (w),
865 (w), 737 (s), 698 (s).
NMR (CDC13, TMS) : 7 .2 4  (s, 5H, A r-H ), 4 .42  (s, 2H , ArCH2 ), 3 .6 4  (m, 7H,
GJT2C_Hc H2 and OH).
F or a m odified p re p a ra tio n  of th is  compound, see R ef. 9.
1, 2 -d is te a ro y l-sn -g ly c e ro l 3-benzyl e th e r , CII (R = R 1 = C ^ H ,^ ,  X = CH2Ph)
A solution of 17. 44 g  (57. 5 mm ol f  s te a ro y l c h lo rid e  (tw ice re d is t il le d )  in 20 ml 
d ry  CHCL w as added d ropw ise to a  cooled (0°C) and s t i r r e d  solu tion  of 4. 55 g 
(25 m m ol ) sn -g ly c e ro l 3-benzyl e th e r  containing 4. 85 ml (4. 75 g; 60 m m ol ) 
d ry  pyrid ine in 100 m l d ry  CHC1... The resu ltin g  so lu tion  w as s t i r r e d  a t R T fo r«5
6 days. E t20  w as added to p rec ip ita te  pyridinium  hyd ro ch lo rid e  and the f ilte re d  
solution w as w ashed w ith  d ilute HC1, d iluted aq. KHCO. and then H „0  to pH ~ 7O
(litm us), and d ried  (N a2S 04). Evaporation afforded 21. Og of white m a ss  which
w as divided in two and chrom atographed on s ilica  g e l (400 g p e r  10 g).
99Solvents : a) E t2Q /hexanes 0/1 (450 ml); flow  ra te  2 .5  m l/m in
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b) E t20 /h e x a n e s  5 /95  (270 ml); flow ra te  2 .5  m l/m in
c) E t20 /h e x a n e s  10/90 (400 ml); flow ra te  2. 5 m l/m in
d) E t20 /h e x a n e s  30 /7 0  (700 ml); flow ra te  5. 0 m l/m in .
F ra c tio n s ,50 m l,w ere  co llec ted . P ure compound appeared  in 21 - 25 frac tio n s.
Total y ield  14. 46 g (80%) of p roduct pu re  by TLC [ E t20 /h e x a n e s  1 /5 ; Rp  0. 49 
(m ic ro slid es); R p  0. 30 (20 cm  long p la tes)]  , m . p. 48°C [ l i t .  96 m . p. 5 0 . 5 -  
51°C] , [« ] p2*5 + 5 .7 7 °  (c , 7 .4 8 )d r y  CHC13 [ l i t . 96 [a ]  D + 6. 1° ( c . 7 .4 8 )d ry  
CHClg] .
IR (CHC13) : 3095 (v .w ), 3070 (v .w ), 3035 (v.w ), 2930 (s), 2860 (s), 1735 (s),
1467 (m ). 1455 (m), 1378 (w), 1365 (w), 1231 (m), 1168 (m), 1115 (m), 
1035 (w).
NMR (CC14 , TMS) : 7. 20 (s. 5H, A rH ), 5 .0 0 (m , 1H, RCOOCH), 4 .4 3  (s, 2H, 
A rC H 2), 4. 12 (m, 2H. RCOOCH2 ), 3 .4 6 (d ,  6 .00 , 2H. 
-C H 2OCH2A r), 2. 16 (m, 4H, -C H 2C O O ), 1 .2 3 ( s ,  60H, 
-C H 2-X 0. 87 (m , 6H, CHg).
The com pound w as s ta b le  (by m. p. and T LC ) a t -2 0 ° fo r  a t le a s t 6 m onths. 
S im ila rly  p rep a re d :
l , 2 -d ip a lm ito y l-sn -g ly c e ro l 3 -benzy l e th e r , CII (R = R^ = C ^ H ^ ,  X = CH2Ph) 
in 70% yield , pure by TLC [ E t20 /h e x a n e s  1/5; Rp  0 .3 0  (20 cm  long p la tes)] ,
m .  p. 42°C [ l i t . 96 m .p .  42 - 4 2 .5 ° C ] ,  [a ]  + 6 . 20° ( c , 8 . 53) d ry  CHClg
[ l i t . 96 [a ]  n  + 6 .3 0 °  (c , 8 . 5 3 ) d ry  CHC1-] .
U J 1 
IR (CHClg) : qu a lita tiv e ly  s im ila r  to  CII (R = R = C ^ H ^ ,  X = CH^Ph).
NMR (CC14 , TMS) : qua lita tive ly  s im ila r  to  CII (R = R 1 = C ^ H ^ ,  X = CH2Ph).
l ,  2 -d im y ris to y l-sn -g ly c e ro l 3 -benzyl e th e r , CII (R = R^ = C ^ H ^ ,  X = CH2Ph) 
in 87% yield , pure by TLC [ E t20 /h e x a n e s  1/5; R p  0. 30 (20 cm  long p la tes)] ,
m .  p. 34 - 5° [ l i t .  18 m .p . 33 .5  - 3 4 ° C ] , [» ] ^  + 5. 90° (c , 7. 1 ) d r y C H C l  ,
[ l i t .  [a ]  D + 5 . 4  ( c .  7 .1 )  d ry  CHClg] .
IR (CHClg) : qua lita tiv e ly  s im ila r  to  CII (R = R^ = C ^ H ^ ,  X = CH2Ph).
NMR (CC14, TMS) : q ualita tive ly  s im ila r  to  CII (R = R 1 = C ^ H .^ ,  X = CH2Ph).
Both com pounds w e re  stahj»-<by m . p. and TLC ) a t -2 0 °  fo r a t le a s t 6 m onths.
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1, 2-d is te a ro y l-sn -g ly c e ro l, CIII (R = R = C ^ H ^ ,.).
To a cold (dry ic e )  suspension  of 5. 0 g of 5% Pd on ch a rco a l in 50 m l T H F
(d istilled  over L iA lH .) and under A r o r  N„ atm osphere  (fire  h azard ) w a s  added
4 i  1
a b rie fly  cooled (dry ice ) solution of 15. 25 g  (21.5 m m ol) CII, (R = R -  C ^ H ^ ,
X = CH^Ph) in 200 m l TH F (d istilled  o v er LiAlH^). The p re s s u re  b o ttle  w as
stoppered  and allow ed to com e to RT and then it w as hydrogenolysed f o r  4. 5 h
(30 p si) . Uptake of hydrogen w as v irtu a lly  ov er a f te r  1 h. F iltra tio n  th rough
c e lite , w ashing w ith  d ry  TH F and CHClg and evaporation  a t 20°C a ffo rd ed  a w hite
m a ss  which, a f te r  b r ie f  vacuum  drying, w as tw ice re c ry s ta lliz e d  a t 25 C from
170 m l d ry  CHC1, and 510 m l d ry  hexanes (to tu rb id ity ) and leaving a t 0°C
overn igh t. F iltra t io n  gave 10. 517 g (78%) of flakes pu re  by TLC [ s i l ic a  gel N,
C H C lg/acetone 2 4 /1 , R p  0 .43 ; s il ic a  ge l N + 0. 4 M HgBOg, sam e so lv en t,
R 0. 40; s il ic a  g e l H + 0. 4 M H,BO„, sam e  solvent, R 0. 34; a ll 20 c m  long F q,  o o r
p la tes ] m .p . 73 -  4°C  [ l i t .  m .p . 74. 5 -  75°C] . [a ]  j?3 - 2. 91° ( c , 6 . 18) d ry  
CHC13 [ l i t . 96 [ a ]  D - 2 .7 °  (c ,  6 .18), d ry  CHClg] .
IR (CHC1 ) : 3630 (w), 3500 (w), 2930 (s), 2860 (s), 1735 (s), 1468 (m ), 1380 (m),
O
1220 (m), 1165 (m), 1115 (m ), 1095 (m), 1050 (m).
NMR (CDClg, TMS) : 5. 04 (m, 1H, RCOOCH), 4. 23 (m, 2H, RCOOCH2 ), 3 .7 0
(m, 3H, C H 2OH), 2 .2 4  (m, 4H, -CH 2COO-). 1 .2 4 ( s ,  60H, 
-C H 2-). 0. 87 (m, 6H, -CHg).
H ydrogenolysis in n -hexane using 5% Pd on charcoal fo r  3 h a t 31 psi w a s  
incom plete (ca . 75% s ta rtin g  m a te r ia l by TLC ) because the s ta rtin g  m a te r ia l  
so lid ified  on the neck of the p re s s u re  bo ttle .
By ou r m odification  w ere  p rep a red :
,11, 2 -d ip a lm ito y l-sn -g ly c e ro l, CIII (R = R = C ^ H 3 ^)
in 82% yield a f te r  two re c ry s ta lliz a tio n s , pu re  by TLC  [s i l ic a  gel H +  0. 4 M 
H-BO3 , C H C l„/acetone 24 /1 , R 0. 34 (20 cm  long p la tes)]  m .p . 68
j  o  r
[ l i t .  18 m .p . 68 - 9°C] , [ a  ] 5 * 2 .7 5 °  (c , 7. 62) d ry  CHCL, [ l i t .  18 [ a |
9°C 
18
D
- 2 .9  (c , 8 . 0 ) d ry  CHClgI .
.1IR (CHClg) : qu a lita tiv e ly  s im ila r  to CIII, (R = R = C ^ H .^ ) .
NMR (CDClg, TMS) : q ualita tive ly  s im ila r  to  CIII, (R = R^ = C ^ H .^ ) .
“ JM  •  w r n t
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1 , 2 -d im y ris to y l-  sn -g ly c e ro l, CIII (R = R =
in 79% yield a f te r  two re c ry s ta lliz a tio n s , p u re  by TLC [ s i l ic a  g e l H + 0. 4 M
H3B03> C H C lg/acetone 24 /1 , R p  0 .3 2  (20 cm  long p la tes )]  m .p . 58 -  9 C 
[ l i t J S m . p .  58 - 9°C ] , [a ]  22-5 - 3 .0 5 ° (c . 6 . 95) d ry  CHC1,. [ lit . 18 [or]D
- 3 .3°(c, 7. 3) d ry  C H C 1J .
^ 1 IR (CH CL) : q u a lita tiv e ly  s im ila r  to  CIII (R = R
o
NMR (CDClg, TM S) : q ualita tive ly  s im ila r  to  CIII (R = R 1 = C ^ H ^ ) .
C 17H35>-
D
3 -(o -n itro b e n z o y I)-1 ,2 -0 - iso p ro p y lid e n e -sn -g ly c e ro l, IC, (X = o -n itrobenzoy l,
Yr Y2 = CMe2)
A solution of 23. 55 g  (0 .127 m ol) o -n itro b en zo ^ l ch lo ride  [p re p a re d  from
22
o-n itrobenzo ic  a c id  and SO C ^; b. p. 115°/0 . 7 m m , 84%, yellow ish  o il, n ^  1.567<
in 6 m l d ry  CHClg w as added dropw ise to  a cooled (0°C), s t i r r e d  solution of
17.04 g (0. 129 m o l)  1, 2 -0 -iso p ro p y lid e n e -sn -g ly c e ro l and 12 m l (0.15 m ol) d ry
pyrid ine in 50 m l d ry  CHClg, and then s t i r r e d  at RT fo r  42 h. Addition of E t2 0 ,
f iltra tio n , w ash ing  of the p rec ip ita te  w ith Et^O, afforded a yellow ish solution
which w as w ashed  with d ilu te  HC1, sa td . aq . KHC03 and H^O to pH ~  7 (litm u s)
and d ried  (NaySC^). E vaporation  of so lven ts and dry ing  fo r 2 days in vacuo
afforded ch ro m a to g rap h ica lly  (TLC; E t„ 0 /h e x a n e s  3 /1 ; R 0 .7 1 )  and ana ly tica lly
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pure yellow ish o il  32. 0 g  (90%), n ^  1.5144.
Found (CHN) ; C 55. 43, H 5 .5 1 , N 4.98% ; C gH NOfi(MW 281.25) re q u ire s  
C 5 5 .51 , H 5 .38 , N 4.98% .
[ a ] p 6 + 4 . 75° (c , 7 .8 )C C 1 4.
UV (MeOH) : Xm ax  214 m u , , =  1 .0 8 x 1 0  1/m ol. cm , X . , . 255 m u .shoulder
IR (CC14) : 3080 (v .w ), 2995 (m), 2935 (m), 2890 (m), 1745 (s), 1615 (w), 1582 (w), 
1535 (s), 1485 (w), 1450 (w), 1382 (s), 1372 (s), 1353 (s), 1285 (s),
1250 (s), 1217 (s), 1150 (m), 1123 (s), 1072 (s), 1037 (m), 972 (m),
845 (m ).
NMR(CDC13> TM S) : 7. 72 (m, 4H, A r-H ), 4. 16 (m, 5H, CHgCHCH^), 1 .38  (d, 
3 .33 , 6H, C M e J .
3 -(o -n itro b en z o y l)-sn -g ly c e ro l, C (X = o -n itrobenzoy l)
w as p rep a red  by a  m odification of E. F is c h e r 's  p rocedure^  ^6 . 6. 7 g  (23. 8 m m ol) 
of 3 - (o -n itro b e n zo y l)-1 ,2 -0 -iso p ro p y Iid e n e -sn -g ly ce ro l and 150 ml 0. 5 N HC1 w ere
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s t i r re d  v igorously  a t 70 C fo r  40 m in. A fte r 25 m in a l l  the o il d isso lved  giving 
a c le a r ,  n e a r ly  co lo u rless , solution. The reac tion  w as followed by TLC and it 
w as over in about 30 m in. The reac tio n  m ix tu re  w as le ft to  cool to RT and solid 
K^COg w as added slowly (fro th ing) to b rin g  the pH to 7 (litm us). Solid NaCl was 
added w hile s t i r r in g  til l  sa tu ra tio n  and the  m ix ture w as ex tra c te d  with 
(4 x 100 m l). Drying (Na2SC>4 ), f iltra tio n , evaporation  of so lven t and dry ing  
in vacuo fo r  2 days afforded 5. 792 g (ca. 100%) of yellow ish , very  v iscous, oil, 
pure by TLC  (E t20 /h e x a n e s  3 /1 , R p  0 .0 8 , C H C lg/acetone 1/1 Rp  0 .3 4  and on 
s il ic a  ge l N + 0. 4 M HgBOg, C H C lg/acetone 1/1 Rp  0. 22).
Found (CHN) : C 49. 21, H 4. 55, N 5. 76%; C ^ H ^ N O ^ M W  241. 19) re q u ire s  
C 49. 79, H 4. 60, N 5. 80%.
[«] 28 - 14 .00° (c , 5. 21) d ry  CHClg.
UV (MeOH) : Xmax 212 m^, ,  = 1.33 x 104 l . /m o l .  cm . S h o u ld e r  255 m u '
IR (CHC1 ) : 3590 (m), 3430 (m), 3030 (w), 2960 (w), 2890 (w), 1735 (s), 1613 (w),
1582 (w), 1532 (s), 1485 (w), 1446 (w), 1355 (s), 1290 (s), 1255 (s), 
1220 (s), 1130 (s), 1048 (s), 975 (w), 960 (w), 855 (w).
NMR (CDClg, TMS) ; 7 .68  (m, 4H, A r-H ), 4 .33  (m, 2H, -C H 2COOAr), 3 .9 7  
(m, 1H, CH), 3. 60 (m, 2H, CH2OH), 3. 10 (s, 2H, OH). 
Rem oval of the isopropylidene group by H^BO^ in B(OMe)g w as not a s  clean  a s  
with 0. 5 N HC1.
1, 2 -d is te a ro y l-3 -(o -n itro b e n z o y l)-sn -g ly c e ro l, CII (R = R = C ^H ^j, X = 
o -n itrobenzoy l)
96w as p re p a re d  by modifying Sowden and F isc h e r  s p ro ced u re :
A solution of 1.267 g (4.25 mmol ) s te a ro y l ch lo rid e  in  2 m l d ry  CHCl^ was 
added slow ly to a cooled (0°C) and s t i r r e d  solution of 435 m g (1.81 mmol )
3 - (o -n itro b en zo y l)-sn -g ly ce ro l and 0. 38 ml (4. 7 m m ol ) d ry  pyrid ine in 5 ml 
d ry  CHC1„ and then the solution w as s t i r r e d  at RT fo r  66 h. Addition of E t20 , 
f iltra tio n  and w ashing the p rec ip ita te  w ith  E t20  afforded  an off-w hite solution. 
This w as w ashed with d ilu te  HC1, d ilu te  KHCO^ and H jO  to pH 7 (litm us) and 
d ried  (Na2SC>4 ). F iltra tio n  and evapo ration  of so lven ts afforded 2. 24 g of solid 
which w as chrom atographed  on 150 g s il ic a  gel.
Solvents: a )  E t20 /h e x a n e s  0 /100 (80 m l)
b ) E t2Q /hexanes 5 /95  (50 m l)
c) E t20 /h e x an e s 10/90 (50 m l)
d) E t20 /h e x a n e s 10/50 (20 m l)
e) E t20 /h e x a n e s 30 /70 (530 m l).
F ra c tio n s  50 m l w ere  co llec ted  a t a flow ra te  ca . 2 - 3  m l/m in . P ure  com pound 
ap p eared  in frac tio n s  9 - 14, 868 m g (62%) of w hite so lid , p u re  by TLC (E t20 /  
hex an es 1/2, R _  0 .28; E t-O /h ex a n es  1 /1 , R _  0. 53) m .p .  5 0 -  51°C .
r  ^  .r
Found (CHN) : C 71 .27, H 10 .37 , N 1.76%; C ^ H  NOg (MW 774. 09) re q u ir e s  
C 71.37, H 10 .29 , N 1 .76% .
(« ]  ^  + 4. 05° (c ,  11 .6)C C 14 .
[ a ]  2 3 .5  + 2 .35  (c , 9. 03) d ry  CHClg [ l i t . 96 [« ] D - 1 .3 °  (c , 9. 08) d ry  CHClg fo r 
the p -n itro b en zo y l analog. ]
UV (isopropano l) : Xm ax 215 m ^, e = 1 .2 3  x 10^ 1 ./m o l . cm , ^ shou lder m U-
IR (CHC1_) : 3035 (v.w ), 2930 (s), 2855 (s), 1740 (s), 1535 (m), 1467 (m), 1352 (m), o
1290 (m), 1250 (m ), 1220 (m ), 1155 (m), 1120 (m), 1072 (m).
NMR (CDClg, TMS) : 7. 67 (m, 4H, A r-H ), 5. 30 (m, 1H, RCOOCH), 4.41 and 4. 24 
(m u ltip le ts , 4H, RCOOCH2 and CH^OCOAr), 2. 30 (m , 4H,
. -C H 2COO-), 1 .2 7  (s , 60H, -C H 2-), 0. 88 (m , 6H, CHg).
A ttem pted  Rem oval of o -n itro b en zo y l G roup from  CII (R = R^ = C ^ H g g , X = 
o -n itro b en zo y l)
117a )  By Zn + NH^Cl in THF; p ro c e d u re  acco rd in g  to  Barton e t a l
To 109 m g (0. 14 m m o l)  CII (R = R 1 = C ^ H g ,., X = o -n itro b en zo y l) 
d isso lv ed  in 10 m l d ry  THF 53 m g (0. 98 m m o l) NH^Cl in 0. 2 m l H20  w as 
added followed by 19 m g (0. 295 x 10 ^ m ol ) Zn° a t RT. The h e terogeneous 
sy s te m  w as v igorously  s t i r r e d  a t  R T fo r  5 h. TLC (E tgO /hexanes 1/1 ; R p  0. 65 
fo r  s ta r t in g  m a te r ia l)  showed th a t no d ig ly c e rid e  w as produced. F iltra tio n , 
w ash ing  the p re c ip ita te  with CHClg follow ed by w ashing the f i l t r a t e s  w ith H20 , 
d ry in g  (Na2SC>4 ) and ev apo ra tion  a ffo rded  a yellow ish  solid  m a ss  which, by IR, 
w as  so le ly  the s ta r tin g  m a te r ia l,  i . e .  no t even reduc tion  took p la ce .
b) By Zn° + AcO NH +^ in TH F; p ro c e d u re  acco rd in g  to Barton e t  a l ^ ^
S im ila rly , no reduction  and no cy c liza tio n  w as observed  by TLC and IR 
a f te r  5 h rea c tio n  and w orking up.
c )  By ac tiva ted  o r  non -ac tivated  Zn° + NH^Cl in E t2Q; p ro ce d u re  acco rd in g  to 
B am berger and Pyman^ ^
To 284 g (0 .37  m m o l)  CII (R = R 1 = C ^ H ^ ,  X = o -n itro b en z o y l)  
d isso lved  in 1 .5  ml E t20  a solu tion  of 73 mg (1 .4  mmol ) NH^Cl in  2. 2 m l H20  
w as added, w hereupoiTa two phase sy stem  re su lte d . 150 m g (2 .4  x 10 m ol)
Zn° w as added and the sy s tem  w as s t i r r e d  v igorously  fo r 16 h a t RT. TLC  showed 
that no d ig lyceride  w as p roduced . S im ilarly , a c t i v a t e d Z n °  had no effec t,
d) By ir ra d ia tio n  at \> 3 6 3  nm and \> 3 1 3  nm; p ro ced u re  a c co rd in g  to Kaneko
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In a q u a rtz  ce ll 51 mg (0 .066  m m o l) CII (R = R = X = o-
n itrobenzoy l) w ere d isso lv ed  in 20 m l sp e c tro g rad e  isopropano l. A rgon w as 
bubbled th rough the solu tion  fo r 30 min, and then it was i r ra d ia te d  a t 20°C for 
1 h a t \> 3 6 3  nm. TLC showed no d ig lyceride  fo rm a tio n . Irra d ia tio n , a s  above, 
a t X'd 313 nm  had no effec t on the s ta r tin g  m a te r ia l, a s  w as proved by TLC  and IR.
e) By ac tiva ted  Zn° in A cO H /E t„Q
i  i
497 m g (0. 62 m m o l) CII (R = R = C _H , X = o -n itro b en z o y l)  w as
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disso lved  in  12 ml A cO H /E t20  3 /2  v /v  and 650 m g (1 x 10 m o l) ac tiva ted  
Zn° was added. The heterogeneous m ix tu re  w as s t i r r e d  v igo ro u sly  a t RT fo r 19 h. 
CHC13 was added and the sy stem  w as f ilte red  from  so lids. C arefu l w ashing of 
the f iltra te  w ith d ilu te aq. KHCO3 , d ry ing  (Na2S 0 4), f iltra tio n  and evaporation  
gave a yellow  oil. TLC (Table X) showed p re se n c e  of the s ta r t in g  m a te r ia l and a 
new spot p robably  due to  :
RC O O-i
RCOO^ N - "
o !^ OH
cv
TABLE X R „  VALUES O F CII AND CV ON TLC ---------------  F
TLC  on s ilic a  gel N; R valuesr*
E t20 /h e x a n e  1/1
C H C l^/acetone
no H3BO3 + 0 .4 M  H3 B° 3
s ta rtin g , CII 0. 47 0. 69 0 . 68
product, CV 0. 56 0 .52 0.51
IR (CHClg) showed the p re se n ce  of a new peak at 1692 cm  1 a p a r t from  tha t at
130
1735 cm  1 and tw o weak peaks in the -OH reg io n ,
f) By ca ta ly tic  hyd rogeno lysis
328 m g (0. 425 m m ol ) of CII (R = R 1 = C ^ H ^ ,  X = o -n itro b en z o y l) 
w ere  d isso lv ed  by sligh t w arm ing  in 60 m l g la c ia l AcOH. A fte r  cooling to  RT,
212 m g  of 5% Pd on ch a rco a l w as added and the sy s te m  w as hydrogenolysed  fo r  
6 h a t  20 p s i. A ddition of CHC1. and f iltra t io n  gave a c o lo u rle s s  f i l t r a te  w hich w asO
cooled and n e u tra liz e d  w ith cone. NH^ follow ed by w ashing w ith  H20 , sa td . aq . 
KHCO^ and H^O and then d r ie d  (Na^SO^). E vaporation  and d ry in g  affo rded  245 mg 
of yellow ish  so lid . TLC, see  T able X, showed no s ta r t in g  m a te r ia l  but no 
d ig ly c e rid e  w as p re se n t.  It showed a spo t, see  T ab le  X, due to  p roduct w hose 
s t r u c tu re  could p robab ly  be CV. The IR (CH Cl^) showed peaks a t  3515 (w) and 
3390 (w) as  w ell a s  a t 1736 (s) and 1693 (m ).
1, 2- is o p ro p y lid e n e -ra c -g ly c e ro l 3-(ft p, B -tric h lo ro e th y lc a rb o n a te ), r a c .  IC,
Y Y 2 = CM e3, X = CCl3 CH2OCO-)
w as p re p a re d  by the m ethod of P feiffer e t a l ^  in  78% yield , b . p . 106 - 112°/
Q. 02 m m , p u re  by TLC (E t O /hexanes 1 /1 , R 0 .3 9 , red d ish  spo t w ith iodine),
20 1 * n* 1 .4674 .
IR ( n e a t ) : 2990 (w), 2890 (w), 1765 (s), 1455 (w), 1385 (m), 1375 (m), 1280 (m ), 
1245 (s), 1155 (w), 1085 (w ), 1060 (m ), 985 (w), 825 (m ), 788 (w),
730 (m ).
NMR (CC14 , TM S) : 4. 75 (s, 2H, CH2CC13 ), 4. 12 (m, 5H, CH2CHCH2 ). 1 .34  
(d, 4 .0 0 , 6H, C M e J .
ra c -g ly c e ro l  1-(B. P, 8~ tric h lo ro e th y lca rb o n a te ), r a c .  C (X = C C l3CH2OCO-) 
w as p rep a re d  by the H„BO„ - B(OMe)„ m ethod of P feiffer e t a l ”^ and purified  byO O O
colum n ch rom atog raphy  on a c id - tre a te d  F lo r i s i l  im pregnated  w ith 10% HgBOg 
w /w  and e lu ting  w ith cyc lohexane /e thy l a c e ta te  1 /1 . F ir s t ,  u n rea c te d  s ta r t in g  
m a te r ia l  w as e lu ted , iden tified  by TLC, IR and NMR and then the p roduct pu re  
by T L C  (s ilic a  g e l N + 0 .4  M H BO ). (See T ab le  VIII, C h ap te r 5). The o ilyo o
p ro d u c t on pum ping c ry s ta lliz e d . Yield 53%, m .p .  67 C. [T h e  op tica lly  ac tiv e  
com pound is  a n  oil] .
IR (CHClg) : 3600 (w), 3400 (w), 2960 (w), 1765 (s), 1450 (w), 1385 (w), 1280 (s), 
1245 (s), 1212 (s), 1050 (w), 980 (w).
•<
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NMR (p y rid in e-d 5, TMS) : 5. 15 (s, 2H, C j^C C lg ), 4. 84 (m, 2H, CH2OCOO-),
4. 47 (m, 1H, CH), 4. 13 (m, 2H, CH2OH).
This compound w as stab le  (by 1R) a t -20°C  for 2 y e a rs .
l , 2-d is te a ro y l- ra c -g ly c e ro l 3-(B. B> B -trich lo ro e th y l carbonate), ra c . CII 
(R = R 1 = C 17H35, X = CCl3 CH2O CO -)
w as p rep a red  accord ing  to Pfeiffer e t a l ^ ,  but it w as chrom atographed  tw ice. 
F irs tly , on F lo r is il  using E t^O /hexanes 1/5 gave  im pure  p roduct by IR and TLC 
(E t.O /h ex an es 1 /3 , R 0. 56; im p u rity  R 0. 15). Secondly, on s il ic a  gel (170 gz r  r
fo r 3. 0 g  compound), u sing  E t20 /h e x a n e s  1/3 and co llec ting  25 ml frac tio n s.
C hrom atographically  pure  compound w as eluted in frac tio n s  6 - 1 4 .  Yield 60%,
m .  p. 52 - 4°C (lit. m .p . for the op tically  ac tiv e  compound 54 - 5°C) .
Found (CHN) ; C 62.89, H 9.50%; C^„H^_C1„0_ (MW 800.40) re q u ire s
4 2  77 J  7
C 63.02, H 9 .69 , C l 13.29%.
IR (CC14 ) : 2930 (s), 2850 (s), 1767 (s), 1748 (s), 1460 (w), 1375 (w), 1245 (m),
1160 (m), 1110 (w), 1000 (w).
NMR (CC14 , TMS) : 5. 22 (m, 1H, RCOOCH), 4. 74 (s , 2H, CH2CC13 ), 4 .34  
(m, 4H, CH2CHCH2), 2 .2 6  (m, 4H, -C H 2COO-), 1 .26  
(s , 60H, -CH2-) , 0 .93  (m , 6H, CHg).
S im ilarly  p rep ared :
1, 2 -d ip a lm ito y l-rac -g ly c e ro l 3 - ( b, B, B 'tr ic h lo ro e th y l carbonate), ra c . CII 
(R = R 1 = C 15H31, X = CCl3CH2O C O -)
purified  by F lo r is il  colum n chrom atography  and re c ry s ta lliz a tio n  from  w arm  
E tjO -hexanes. Yield 67%, m .p . 48 - 9°C, p u re  by TLC (E t20 /h e x a n e s  1 /7  
Rf 0. 37).
Found (CHN) : C 61. 74, H 9. 37%; C - .H . qC1 - 0 ,  (MW 744. 30) re q u ire s
*3o o9 o 7
C 61 .32, H 9 .34 , Cl 14.29%.
IR (CC14 ) : qualita tive ly  s im ila r  to r a c .  CII (R = R 1 = C ^ H ^ ,  X = CCl3CH2O C O -). 
NMR(CDC13> TMS) : 5 .3 6  (m, 1H, RCOOCH), 4. 78 (s, 2H, C J^C C lg). 4 .4 2  
(m , 4H, CH2 CHCH2), 2 .3 6  (m, 4H, CH2COO-), 1 .2 6 (s ,
52H, -CH 2-), 0 .9 5  (m, 6H, CHg).
1, 2 -d im y ris to y I-ra c -g ly c e ro l 3 -(e , B. B -trich lo roe thy l carbonate ), r a c .  CII 
(R = R1 = C 13H27, X = CCl3 CH 2OCO-)
purified  by F lo r is il  colum n ch rom atog raphy  and re c ry s ta lliz e d  from  w arm  
E t20 -h e x a n e s . Yield 66%, m .p .  39 - 40°C, pure  by TLC (E t20 /h e x a n e s  1/3, 
R F 0. 42).
Found (CHN) : C 59. 75, H 8 . 94%; C ^ H ^ C l ^  (MW 688.17) re q u ire s  
C 59 .33 , H 8 .9 3 ,  Cl 15.45%.
IR (CC1.) : qua lita tive ly  s im i la r  to rac . CII (R = R 1 = C H , X = CC 1-C H -O CO -).4 1 /  Oj  O Z
NMR (CDClg, TMS) : q u a lita tiv e ly  s im ila r  to ra c . CII (R = R l = C ^ H ^ ,  X =
c c i 3 c h 2o c o -).
All th re e  com pounds w ere  s ta b le  (by m .p . and TLC) at -20°C  fo r a t le a s t 10 
m onths.
R em oval o f the CC1.CH  OCO- group  from  a ll th re e  r a c .  CII w as
accom plished a s  d e s c r ib e d ^  using  activated  Zn dust in E t20/A cO H  3 /2
m ix tu re . R eactions w ere  stopped  when TLC on m ic ro s lid e s  showed no s ta rtin g
69
m a te r ia l p re se n t. W orking up a s  published gave re su lts  dep icted  in Table XI.
1, 2:3, 4:5, 6- tr i-O -iso p ro p y lid e n e -D -m a n n ito l, XCIV
121
w as p rep a re d  accord ing  to  E . F isc h e r  in 47% yield, pu re  by T L C  (E t20 /  
hexanes 1/1 R p  0 .67), m .p .  67 - 8°  [ l i t .  ^  m .p . 68 - 70°C] , [« ]  ^  + 18.30° 
(c , 5 .4 5 ) CC14 .
IR (CC14 ) : 2990 (s), 2935 (m ), 2885 (m), 1457 (m), 1381 (s), 1371 (s), 1240 (s), 
1217 (s), 1155 (s), 1073 (s). 845 (s).
NMR (CC14> TMS) : 3. 90 (m , 8H, CH2CHCHCHCHCH2), 1 .32  (m, 18H, C M e J .
3, 4 -0 -iso p ro p y lid en e -D -m an n ito l, XCV
122w as p rep a re d  accord ing  to  W iggins in 81% yield , pure by TLC (E t20 /h e x a n e s  
1/1 R p  0 .00 ; acetone R 0 .5 3 ), m .p . 84 - 5° [ l i t .  m .p . 86 - 7 °C * 22( m.p.
85 - 6°C 9 3 ] .
1, 2, 5, 6 - te tra -0 -b e n z y l-3 , 4 -0 -iso p ro p y lid en e -D -m an n ito l, XCVI
94w as p rep a red  accord ing  to  E ib l et a l , im pure  by TLC (E t20 /h e x a n e s  1 /3  m 
R 0. 44; im purity  R 0. 72; E t.O /h ex an es  1 /1  R 0. 65, im purity  R 0. 78).r  r  Z r  r
The im purity  w as identified  by TLC a s  PhCH2OCH2Ph.
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1, 2, 5, 6-te tra -O -b en zy l-D -m an n ito l, XCVII
94w as p rep a re d  acco rd in g  to  Eibl e t a l by using the im pure  XCVI, and w as p u rified  
on s il ic a  ge l (500 g ) using E t^O /hexanes 1/1 (800 m l)  and E t20  (2 l i t . ). E t20 /  
hexanes 1/1 elu ted  the im purity  identified  a s  PhCH2OCH2Ph by TLC and NMR 
(CC14> TMS) 7. 32 (s , 10H, A r-H ), 4. 42 (s, 4H, CH 2>, and E ^ O  elu ted  the p ro d u ct 
pu re  by TLC (E t20 /h e x a n e s  2/1, R p  0 .59 ; E t20 /h e x a n e s  3/1, R p 0. 74) as  yellow ish  
o i l i n c a .  75% yield .
1, 2 -d i-0 -b e n z y l-sn -g ly c e ro l , LXXXIX 
~  9 4
w as p rep a re d  acco rd ing  to  Eibl et a l in 79% y ie ld , pure by TLC (E t20 /h e x a n e s  
3/1, R p  0 .37).
1, 2 -d i-0 -b e n z y l-sn -g ly c e ro l 3 -t-b u ty ld im e th y ls ily l e th e r , IC (Y^ = Y2 = CH2Ph,
X = TBDMS)
To 2. 704 g (18 m m ol ) L -butyldim ethylsilyl ch lo rid e  w as added dropw ise at RT
a solution of 4. 10 g  (15 m m o l) 1 ,2 -d i-0 -b e n z y l-sn -g ly c e ro l and 2. 53 g (37. 5
m m ol ) im idazole in 10 m l d ry  DMF and the re su lte d  solution w as s t i r re d  at
RT fo r  8 h. E x trac tio n  with hexanes (5 x 25 m l), w ashing the com bine hexane
p h ases  with H20  (3 x 30 m l), d ry ing  (N a ^ O ^ ) and evaporation  afforded 5. 6 g
of liquid which w as ch rom atographed  on s il ic a  g e l (250 g) using E t20 /h e x a n e s  1 /5
as elu ting  so lven t. F rac tio n s  25 m l w ere  co llec ted  a t a flow ra te  3 m l/m in . P u re
com pound elu ted  in 11 - 17 f ra c tio n s . Yield 2 .6 0  g  (45%) of co lo u rle ss  oil,
1 .5092, pu re  by TLC  (E t„0 /h e x an e s  1/5 R _  0 .6 0 , E t.O /h ex an e s  1 /3  R 0. 78),2n .  4 r  i  r
[» ] ^  + 1 .5 1 °  (c , 4. 3) d ry  C H C ^.
Found (CHN) : C 71 .44, H 8 . 86%  C ^ H ^ C ^ S i  (MW 386.59) re q u ire s  
C 71 .45, H 8 . 86, Si 7. 26%.
IR ( n e a t ) : 3090 (w), 3070 (w), 3040 (w), 2955 (s), 2930 (s), 2860 (s), 1495 (w),
1470 (m ), 1465 (m), 1455 (m), 1388 (w), 1360 (w), 1252 (m), 1203 (w), 
1095 (s), 1025 (m), 1005 (w). 835 (s), 775 (s), 733 (s), 695 (s).
NMR (90 MHz, py rid ine-dg , TMS) : 7 .37  (m, 10 H, A r-H ), 4 .78  (s , 2H, PhCH2 -
O -C H -), 4 .5 8  (s, 2H, PhCH2OCH2 ), 3.81 
( m ,  5H, CH2CHCH2 ), 0 .9 3  ( s , 9H, CM£3 ),
0 .0 9  (s ,' 6H, S iM e J . F ig. 7.
A ssignm ent o f the peaks a t j  4. 78 and 4. 58 w as based  on the co rrespond ing  90 MHz
X  .

1H NMR sp ectru m  of the p ro d u c t LXXXIV of in te rru p te d  h y d rogeno lysis  o f  LXXIX 
(Y = TBDMS) (see C hap te r 5 ). T h is p roduct, IC, (Y1 = Y2 = CH2Ph, X = TBDMS) 
could not be purified  by d is t i l la tio n  (oil bath : 210 C, p re s s u re  0. 1 - 0. 15 m m  Hg).
sn -g ly c e ro l 3 - t-b u ty ld im e th y ls ily l e th e r , C (X = TBDMS)
A so lution  of 2 .5  g  (6. 5 m m ol ) of IC (Y^ = = CH2Ph, X = TBDMS) in  50  ml
EtOH w as added to a  cooled (dry  ice) su sp en sio n  of 1 .0  g  of 5% Pd on c h a rc o a l
and th e  sy stem , a f te r  being brought to  RT, w as hydrogenolysed  fo r  2 h a t  40 p s i.
F iltra t io n  through c e lite , w ash ing  the c e lite  w ith  EtOH and ev ap o ra tio n  of the
so lven t at 20°C gave a liquid which w as im pure  by TLC (E t20 ,  p ro d u ct R p  0. 75,
im p u rity  R 0. 00). S hort, qu ick  colum n ch ro m ato g rap h y  (s ilic a  ge l c a . 5 g;
F
e lu tio n  with E t.O ) rem oved  the im purity  giv ing 1 .073 g  (79%) of an o il w ith  a
1 20 1 c a m p h o r-lik e  sm e ll, n ^  1 .4370, im pure  by 90 MHz H NMR.
IR (n ea t)  : 3370 (s), 2955 (s), 2930 (s), 2890 (s), 2860 (s), 1469 (m), 1462 (m),
1387 (m), 1360 (m ), 1255 (s), 1105 (s), 1075 (s), 1045 (s), 1005 (m),
935 (m), 832 (s), 775 (s).
NMR (90 MHz, p y rid in e -d ^ , TMS) : 5. 60 (broad , 2H, OH), 3. 99 (m , 5H,
G_H2CI!CJH2 >’ 0 .9 3 ( s ,  9H, CM e3), 0 .1 0  
(s , 6H, Si Me,,).
T ra c e s  of im p u ritie s : 0 .9 5  (s), 0 .2 3  (s),
0. 06 (s )  and 0. 15 (s, g - iso m e r) .
H ydrogenolysis in d ry  A cO Et w as incom plete a f te r  1 .5  h but w as co m p le te  a f te r  
14 h. In both ca se s  g ly c e ro l w as p re se n t, and som e g - iso m e r  w as e v id en t by 
90 MHz S i  NMR in p y rid in e -d ,.. H ydrogeno lysis in EtOH, MeOH o r  A cO E t 
contain ing 2% EtOH (EtOH /com pound = 66 m o la r  ra tio )  w as co m p le te  a f te r  1 .5  h, 
but tr a c e s  of g ly c e ro l w e re  ev ident by T L C  and tr a c e s  of g - iso m e r  by 90 MHz 
^H NMR in p y rid in e -d ^ . G lycero l w as iden tified  by TLC using  so lven t sy s te m s : 
(a) E t-O /h e x a n e s  1 /3  R „  0 .0 0
A r
(b) E t20
(c) C /M /H 20
(d) C /M /c . NH
R„ 0. 00
r
65/25/4 R 0. 19F
3 65/25/5 Rp 0. 18
(e) d iiso b u ty l ketone/A cO H /H _0  4 0 /2 5 /5  R_, 0. 21.
A r
An a ttem p t w as m ade to d iffe re n tia te  the is o m e rs  by GLC a f te r  s ily la tio n  
(HMDS/TMS 2/1 v /v  in p y rid in e )  on SE30 (2 ft)  colum n, but no cond itions could 
be found fo r  sep ara tio n  of iso m e rs .
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ra c -g ly c e ro l 3 -t-b u ty ld tm e th y lsily l e th e r , r a c .  C (X = TBDMS)
A solution of 28. 4 g  (320 m m o l) d ry  g ly c e ro l and 5 .4  g  (80 m m ol ) im idazole 
in 30 m l d ry  DMF w as added during  10 m in to  4. 83 g (32 m m ol ) ¿-bu ty ld im ethy l- 
sily l ch lo ride  and the  resu ltin g  m ix tu re  w as s t i r r e d  at RT fo r 22 .5  h. E t20  and 
h^O  w ere added and the m ix tu re  w as e x tra c te d  w ith E t2 0  (4 x 50 m l) and the 
com bined e th e r  p h ases  w ere w ashed with l-^O  (7 x 30 m l). Drying (Na2SO^), 
rem oval of so lven t and d is tilla tio n  afforded 3. 45 g  of a cam phor-sm elling , 
co lo u rless  liquid, b .p .  86 - 7 ° /0 . 4 mm, n j^  1.4450, pu re  by TLC  (E t2 0  
RF 0. 73).
Found : C 5 2 .35 , H 10.99%  C H ^ c ^ S i (MW 206. 36) re q u ire s  
C 5 2 .38 , H 10.75, Si 13.61%.
The compound w as iso m erica lly  im pure by NMR:
NMR (90 MHz, pyrid ine-dg , TMS) : 5 .23  (s , 2H, OH), 3 .91 (m, 5H, C H ^ H C IL ,),
0.91 (s , 9H, CMe3 ), 0 .1 0  (s , 6H, SiMe2 ), 
c a . 10%, im p u rity  (g -iso m e r)  0. 15 (s), F ig. 8 .
1, 2 -d im y r is to y l-ra c -g ly c e ro l 3 -t-b u ty ld im e th y lsily l e th e r , ra c . CII. (R = R 1 = 
C 13H27’ X =
A solution of 1 .9 2  g  (7. 8 m m o l) m y ris to y l ch lo rid e  in 8 ml d ry  CHClg was 
added slow ly to  a cooled (0°C) solution of 568 m g (2. 77 m m o l) of rac . C 
(X = TBDMS) (contain ing ca. 10% g - iso m e r)  and 0. 6 m l (7. 8 m m ol ) d ry  pyrid ine  
in 7. 5 ml d ry  C H C l, and s ti r r in g  w as continued a t RT for 20 h. W orking upO
afforded a so lid  m a ss  which w as purified on s il ic a  gel (170 g) elu ting  with E t2 0 /
hexanes 1 /5  and co llec tin g  20 ml fra c tio n s . The product eluted in 16 - 27 f ra c tio n s .
1.042 g of o il w hich on TLC (s ilic a  gel N + 0. 4 M H^BO^, E t2 0 /h ex an es  1/5)
showed two converg ing  spots R 0 .5 7  and R 0 .6 2 . The la t te r  could be due tor  r
the 1, 3 - iso m e r .
IR (neat) : 2930 (s), 2860 (s), 1745 (s), 1465 (m), 1380 (w), 1365 (w), 1255 (m),
1155 (m ), 1115 (m), 1010 (w), 840 (s), 780 (m).
NMR (CC14 , TMS) : 4. 98 (m, 1H, RCOOCH), 4. 12 (m, 2H, R C O O C iy , 3 .68 
(m, 2H, CH2OSi), 2. 19 (m , 4H. C l^C O O ), 1 .2 6 (s ,  4411,
CH2), 0. 8 8  (s, 15H, CM e3 and CH3 ), 0. 06 ( s , 6H. SiMe2 ).
1
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1, 3 -d is te a ro y l g ly c e ro l 2 -t-b u ty ld im e th y lsily l e th e r , CIV (R = C ^ H ^ )
A solution  of 691 m g (2.28 m m ol) s te a ro y l ch lo ride  in 4 m l d ry  CHCl^ w as 
added slowly to  a cold (0°C) solu tion  of 206.xng (1 m m ol ) iso m e r ic a lly  pu re  LII 
(Y = TBDMS) and 0. 2 m l (0 .19g, 2. 4 m m ol ) d ry  pyridine in 15 m l d ry  CHC13 
and s t i r r e d  fo r  56 h at RT. W orking up afforded 780 mg of w hite so lid , 507 mg 
of w hich w ere  purified  on s il ica  g e l (50 g ) eluting with:
(a) E t20 /h e x an e s 0 /1 0 0 (45 m l)
(b) E t20 /h e x an e s 5 /9 5 (15 m l)
(c) E t20 /h ex an es 10/90 (30 m l)
(d) E t20 /h e x a n e s 10/50 (50 m l)
<e) E t20 /h e x a n e s 30 /70 (150 ml).
F ra c tio n s  20 m l w ere  co llected  a t a  flow ra te  of ca. 5 m l/m in . P ure  product
elu ted  in f ra c tio n s  9 - 10. TLC (E t20 /h e x a n e s  1/5 R p  0 .72  (m ic ro s lid e ):
R 0 .5 5  (20 cm  long p late). Yield 58% (424 mg), m. p. 42 - 3 °C .
F
Found (CHN) : C 73 .22 , H 12.32%; C ^ H ^ O j S i  (MW 739.26) re q u ire s  
C 73. 10, H 12.27, Si 3.80% .
IR (CHC13 ) : 2930 (s), 2865 (s), 1733 (s), 1467 (m), 1383 (w), 1360 (w), 1255 (m), 
1165 (m), 1140 (m), 1115 (m), 1000 (m), 906 (m), 830 (m).
NMR (CDClg, TMS) : 4 .04  (s, 5H, CH 2CHCH2 ), 2 .2 4 (m , 4H, C H 2COO), 1 .26 
(s, 60H, CH_2 ), 0 .8 8  (s, 15H, CMe3 and CHg), 0 .0 9 ( s ,
6H, S iM e J .
S im ila rly  p rep a re d :
1, 3 -d im y ris to y l g ly cero l 2 -t-b u ty ld im e th y ls ily l e th e r , CIV (R = C 13H27) 
in 68% yield , oil (m .p . ca . 17°C).
Found (CHN) : C 71.18, H 12. 11%; C ^ H ^ C ^ S i  (MW 627. 05) r e q u ir e s  
C 70.86, H 11.89, Si 4.48%.
IR (nea t) : sp ec tru m  exactly  s im ila r  to  rac . CII (R = R^ = C ^ H ^ ,  X = TBDMS). 
NMR (CC}4 ,_TMS) : 3 .95  (s, 5H, CH2CHCH2), 2. 22 (m, 4H, CH2COO), 1.25 
(s, 44H, -C H 2 -) , 0. 88 (s, 15H, CMe3 and C H j), 0 .09  
(s, 9H, SiM e2 ).
1, 2 -0 -iso p ro p y lid e n e -ra c -g ly c e ro l 3-t-bu tyhJim ethylsily l e th e r ,  IC 
A solution  of 2 .5 5  g (19 m m ol ) 1, 2 -0 -iso p ro p y lid e n e -ra c -g ly c e ro l and 3. 20 g
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(47. 5 m m o l) im idazole in 12 m l d ry  DHF w as added a t RT to 3. 426 g (22. 8 
m m o l) t-b u ty ld im eth y ls ily l ch lo ride  and the  re su ltin g  m ix tu re  w as s t i r r e d  a t 
RT fo r  9 h . E x trac tio n  w ith hexanes (6 x 25 ml), w ash ing  the com bined hexane 
phases with H20  (4 x 30 m l), d ry ing  (Na2SC>4 ), evapo ration  of so lvent and 
d is tilla tio n  a ffo rded  4 .013  g (87%) of c o lo u rle s s , cam p h o r-sm e llin g  oil, b .p .
56 - 8°/0. 5 mm, nj  ^1.4272.
Found (CHN) : C 58 .67, H 10.78%; C ^ H ^ C ^ S i  (MW 246.42) re q u ire s  
C 58 .48 , H 10.63, Si 11 .40  %.
IR (neat) : 2990 (m ), 2955 (s), 2930 (s), 2860 (s), 1470 (m), 1460 (m), 1380 (m i, 
1370 (m), 1255 (s), 1215 (m), 1145 (m), 1095 (s), 1050 (s), 1030 (m), 
1005 (m), 833 (s), 775 (s).
NMR (CC14, TM S) ; 3. 87 (m, 5H, CH2CHCH2), 1 .29  (d, 2 .6 8 , 6H, C M e J ,
0. 88 (s, 9H, C M e J , 0. 04 (s, 6H, Si M e,,).
1, 2 -0 -iso p ro p y lid e n e -ra c -g ly c e ro l 3 -ac e to a ce ta te , r a c .  IC (Y^, Y2 = CM e2>
x = ch3coch2co-)
14. 1 g  (0. 107 m o l ) 1, 2 - 0 - iso p ro p y lid e n e -ra c -g ly c e ro l w as w arm ed to  80°C
and a f te r  re m o v a l of the  oil bath, 48 m g (0. 57 m m o l) AcONa w as added.
W hile s t i r r in g  and during  30 min, 9. 6 g  (0. 114 m o l) of d iketene w as added in
such a way a s  to  keep the te m p e ra tu re  of the reac tio n  m ix tu re  a t 90 - 110°C.
The reac tio n  m ix tu re  w as s t i r r e d  fo r a fu r th e r  1 .5 h and the o ra n g e -re d  solution
w as co n cen tra ted  (40°C /H 2O a s p ira to r )  to rem ove un reacted  d ike tene . W ater
w as then added , followed by ex trac tio n  w ith E t20  (3 x 100 m l) and dry ing
(Na2SC>4 ). R em oval of so lvent afforded a yellow ish o il, 21 .5  g, which w as
d istilled  to g iv e  14. 43 g  (63%) of c o lo u rle s s  oil, b .p . 9 6 -  7 ° /0 .3 m m , n j^  1.4461,
pure by TLC [ E t_ 0 /h e x an e  1/1 R _ 0. 24 (20 cm long p la te)] .
Z  r
Found (CHN) : C 55 .23, H 7.47%; C 10H 1( C>5 (MW 216. 23) re q u ire s  
C 55. 54, H 7. 46%.
IR (CC14 ) : 2995 (m), 2950 (w), 2890 (w), 1750 (s). 1725 (s), 1658 (m), 1630 (m), 
1452 (w), 1415 (w), 1382 (m ), 1372 (m), 1310 (w), 1225 (s), 1155 (s), 
1085 (m), 1060 (m), 1000 (w), 845 (w).
NMR (CC14, TM S) : 4. 90 (s)
4. 07 (s) f (7H, CH -CHCH- and CH = C-M e enolic fo rm )
3. 72 (m )V  
3. 33 (s) J
2 .2 0  (s , 2H, CHgCO, keto form ), 1 .93  (s, 1H, O H eno lic  
fo rm ), 1 .1 2 (d , 4 .0 0 , 6H, CMe^).
A ttem pts w ere  m ade to  p re p a re  the b is (ethy lened iam ine) cobalt(III) d ibrom ide
com plex of 1, 2 -0 -is o p ro p v lid e n e -ra c -g ly c e ro l-3 -a c e to a c e ta te  by a p rocedu re  
123analogous to  published , but the reac tio n  afforded s e v e ra l a s  yet unidentified 
p ro d u cts .
B) STUDIES ON THE REMOVAL O F TBDMS GROUP FROM CIV, CII and IC 
I. FROM PROTECTED DIGLYCERIDES CIV and CII
M ost ex p e rim en ts  w ere  c a r r ie d  out w ith the iso m e ric a lly  pure CIV 
<R = C 17H35>-
72
a )  A cO H /H ^O /T H F  a t R T  o r  reflux ; C o rey 's  p ro ced u re
To 50 m g (0. 0675 m m ol ) CIV d isso lved  in 1 .5  m l d ry  TH F w as added 
a  solution of 0. 675 m l of A cOH/H 20 /d r y  T H F  3 /1 /1  v /v  and s t i r r e d  a t RT fo r 
23 h. TLC showed p re se n ce  of s ta r t in g  m a te r ia l and no product fo rm ation.
T he system  w as then refluxed  (steam  bath) fo r 3 .5  h . S im ila rly , TLC showed 
no reac tio n  to have o c c u rre d .
b) AcO H /T H F /H 2Q a t  RT
50 mg (0.0675 m m o l) CIV w as d isso lved  in 0 .5  m l d ry  TH F. 675 pi 
of A cO H /dry TH F 3 /2  v /v  w as added, followed by 9 p i (0. 0675 m m ol ) H20 .
S tirrin g  a t R T fo r  23 h gave no rea c tio n  (ana ly sis  by TLC).
c )  80%AcQH, 100°C; O g ilv ie 's  p ro c e d u re 54
10 mg CIV w as suspended in  2 m l 80% AcOH and the m ix tu re  w as heated 
a t  100°C fo r  15 m in. TLC  showed that no reac tio n  took p lace .
d )  Hj BOj , B(OMe)3, 85°C
75 mg (0. 102 m m ol ) CIV w as d isso lv ed  in 3 m l BiOMe)^, followed by 
210 mg (3. 4 m m ol ) H^BO^. The sy stem  w as refluxed  fo r  3 h and B(OMe)^ w as
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rem oved  a t 8 5 °/1 0  mm fo r 15 m in . A fter cooling to RT, CHClg and b rine  w ere  
added and s t i r r e d  fo r 30 min to h y d ro ly se  any b o ra te s . E x trac tio n  w ith CHCl^ 
(4 x 10 m l), d ry ing  (Na2SC>4), ev ap o ra tio n  and b r ie f  d ry ing  in vacuo afforded 
79 m g (ca. 100% reco v ery ) of p ro d u c t which on TLC w as u n reac ted  s ta rtin g  
m a te r ia l. No d ig lyceride  w as p roduced .
e) Hj BOj , EtOCH^CH^OH, 100 C
S im ilarly , no rea c tio n  w a s  observed  a f te r  16 h a t 100°C by TLC.
f) aq. HF, EtO H /THF, RT
12 mg (0.016 m m ol) CIV w as d isso lv ed  in  2 m l E tO H /d ry  TH F 1/1 v /v ,
1 m l of ca. 9% HF in E t0H /H 20  1/1 v /v  (ca. 0 .4 5  m m ol) w as added and the 
solution w as s t i r re d  at RT fo r  24 h . Addition of H20 , ex tra c tio n  with E t20 , 
d ry in g  (N a ^ O ^ ) and rem oval of so lven t gave a solid  which on TLC  had the 
com position shown in Table XII.
g ) aq. HF, THF, RT
When EtOH was om itted and  40% aq. HF w as used , the sam e q ualita tive  
p roducts obtained; see T able XII.
h ) HC1, C /M  1/1 v /v
47 mg (0. 064 m m ol ) CIV w as d isso lved  in 1 m l CHCl^. 1 m l MeOH w as 
added, followed by 2 N HC1 and the  sy stem  w as s t i r r e d  a t RT. The re su lts  a r e  
shown in T ab le XII fo r HC1/CIV = 3 m o la r  ra tio  and 64 h re a c tio n  (h^)
HC1/CIV = 9 m o la r ra tio  and 46 h re a c tio n  (h2 )
HC1/CIV = 33 m o la r ra tio  and 15 h rea c tio n  (h^).
i)  Bu^N+F in d ry  THF, R T ; p rocedure  acco rd in g  to C o rey 72 
1 ) w ith CIV
10 mg (0. 0135 m m o l) CIV in 0. 1 m l d ry  TH F w as tre a te d  with 54 W1
of 0 .5  M Bu4N+F in d ry  TH F (0 . 0270 m m o l) fo r  5 min a t R T . E t2<0 and H20
w as added and the m ix tu re , a f te r  acid ification  with d il. H„SO ., w as ex tra c te dl  4
w ith  E t20 . The E t20  e x tra c t w a s  w ashed with H20  and d ried  (Na2SC>4 ). Evaporation  
of solvent gave a solid m ass w ith  the com position shown in T ab le  XII (ex p e rim en t I ^ ).
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2) with CII (R = C ^ H __) contam inated with c a . 10% CIV (R = - 1 3 H27)
S im ilarly , a f te r  10 m in reac tio n  and w orking up the  com position  of p roducts
w ere  a s  in Table XII (experim en t i^).
k) Bu” n+F ~ /c . H2SOj , RT
When a TH F so lu tion  of Bu" n +F  containing 1 equ ivalen t cone. 
was added to a TH F so lu tion  of CIV, no reac tio n  took p la c e  a f te r  18 h at RT.
l) T itra tio n  of CIV w ith Bu^ N+F in THF
When 0 .5  o r  1 equivalen t of F  w as added to CIV under the sam e a s  i^ 
conditions, TLC rev ea led  the p resen ce  of s ta rtin g  m a te r ia l  CIV and n ea rly  equal 
am ounts of 1, 2- and 1 ,3 -d ig ly ce rid e .
m ) in p y rid in e /T H F
When ^ 2  equ iva len ts of F a s  pyridine- (HF)^ (A ldrich; see  a lso  Ref. 124) 
in d ry  THF w as added to  CIV (R = C ^ H ^ )  and left f o r  14 h a t RT, TLC showed 
m ostly  unreacted  s ta r t in g  m a te ria l, sm all am ount o f 1 ,3 -  and tra c e s  of 1, 2- 
d ig lyceride  to  be p re se n t.
n) C ontrol ex p e rim en ts
1 ) w ith 1, 2 -d is te a ro y l-sn -g ly c e ro l
10 mg (0. 016 m m o l) of pu re  1, 2 -d is te a ro y l-sn -g ly c e ro l in 0. 4 ml d ry  
TH F was tre a te d  w ith 54 ^1 of 0. 5 M Bu^N+F (0. 027 m m ol ) in d ry  TH F fo r 
10 m in a t RT. D istribu tion  of p roducts a s  in T able XII (experim en t n^).
2) with 1, 2 -d is te a ro y l-sn -g ly c e ro I  3-benzyl e th e r
10 mg (0.014 m m o l) of the title  compound in  0 .4  ml d ry  THF was 
tre a te d  with 56 ^1 of 0. 5 M Bu^N+F (0. 028 m m ol) in  d ry  TH F fo r 10 min at 
RT. TLC showed the p re se n c e  of s ta rtin g  m a te r ia l and n e ith e r  1 ,2 - no r 1 ,3 - 
d ig ly cerid es  w ere  p re se n t.
II. STUDIES ON D IFFERENTIA L REMOVAL OF ISOPROPYLIDENE GROUP 
FROM IC
A cidic h y d ro ly sis  of IC w as followed by NMR (se e  Table XIII) and TLC 
(see  Table XIV).
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6- C DISCUSSION
The m a jo rity  of sa tu ra te d  and sligh tly  u n sa tu ra ted  1, 2 -d ia c y l-sn -g ly c e ro ls
w ere  p rep a red  by hydrogeno ly tic  c leavage of th e ir  3 -0 -b e n zy l p ro tec ted
18 42 96 97 97p re c u rs o rs  ’ ’ ’ , u sing  v ario u s  so lven ts and c a ta ly s ts .  T hus, n -hexane ,
g lac ia l A c O H ^ ’ ^  and d ry  pu re  c y c lo h e x a n e ^  w ere  used w ith su c ce ss  while 
96AcOEt w as not su itab le  fo r th is  kind of hydrogenolysis because  no apparen t
reduction took p lace  and the s ta r t in g  m a te r ia l w as rec o v e red  unchanged. The
la te r  observa tion , along  w ith o u r r e s u lts ,  points to  the fac t tha t AcOEt is  not a
good solvent fo r  hydrogenoly tic  sp litting  of benzyl and benzylidene g roups, not
only from  p ro tec ted  d ig ly c e r id e s , but a lso  from  s im p le r  m o lecu les  such as
LXXIX (Y = TBDMS) (but see  LXXIX, Y = C C lg C ^ O C O -) o r  IC (Y 1 = Y,, = CH2Ph,
X = TBDMS). P re su m ab ly  hydrogenolytic debenzylation  is  se n s itiv e  to s te r ic
in te rfe re n ce  (see a lso  below ). Although 1 ,2 -d is te a ro y l-sn -g ly c e ro l w as shown by
a contro l ex p erim en t to  be stab le  fo r  3 h in g la c ia l AcOH in the p resence  of Pd on
96charcoal (by m .p . and T LC ), the m ethod of Sowden and F isc h e r  g ives a
heterogeneous m ix tu re  b ecau se  both s ta rtin g  m a te r ia l and p roduct a r e  sparing ly
soluble in g la c ia l AcOH. H ydrocarbons a s  so lven ts a re  a b e t te r  choice, although
in cyclohexane so lven t a  poison of the ca ta ly s t (Pd b lack) should be rem oved fro m
pro tec ted  d ig ly c e rid e s  by re c ry s ta lliz a tio n  from  E t.O  and trea tm e n t with
18 ^charcoal p r io r  to  hyd rogeno lysis  . Using n-hexane a s  so lven t we w ere  not ab le  
to com pletely  rem ove th e  benzyl g roup , because hexane, being  a weakly po la r 
solvent, did not d isso lv e  deposited  s ta r t in g  m a te r ia l in the neck of the p re s s u re  
bottle (P a rr  hyd ro g en a to r).
It should be no ted  tha t Pd b lack  w as used fo r  such r e a c t io n s '
Unsupported c a ta ly s ts  (b lacks) w ere  used with com pounds d ifficu lt to hydrogenate
18,96, 97
(Ref. 65, page 5). 0. 20 -  0. 27 g  Pd b la ck /g  p ro tec ted  d ig ly cerid e  w as used.
42Buchnea and Baer u sed  Pd on ch a rco a l and AcOH fo r such rea c tio n s .
We found tha t T H F  is a su itab le  solvent fo r hydrogenolytic cleavage of 
the benzyl group , d isso lv in g  both s ta r tin g  m a te r ia l and p roduct, and giving v ery  
sa tis fac to ry  rea c tio n  r a te s  (in 1 h uptake of hydrogen w as over). We also  found 
that TH F should be f re e d  from  a poison by d is tilla tio n  o v e r LiAlH^. This poison, 
whose n a tu re  is  unknown, is  absen t from  a fresh ly  opened bottle of AR THF but 
is p re se n t in a ca . 5 d a y s  old AR TH F. The effect of the poison can be overcom e
T  t *' ‘•I
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by in c re as in g  the am ount of c a ta ly s t (Pd on c h a rco a l)  and pro longing  the hydro-
genolysis tim e to ca^ 8 h. F re sh ly  d is tille d  TH F g ives a  rap id  and clean
18hydrogenolysis with y ie lds of tw ice re c ry s ta lliz e d  d ig ly c e rid e s  in the region 
of 80 - 90%. Because of the f ire  hazard  with Pd on c h a rc o a l and THF it is 
advisable to  w ork under in e r t  a tm o sp h e re  and a t low te m p e ra tu re s  a s  sta ted  in 
the ex p erim en ta l (see a lso  Ref. 65, page 12).
69We repeated  the m ethod of Pfeiffer et a l fo r  p ro tec tin g  1, 2 -0 -iso p ro p y l-
id e n e -ra c -g ly c e ro l with C C lg C ^ O C O -, in o rd e r  to a s c e r ta in  its  u sefu lness as
a p ro tec tin g  group. The ra c e m ic  C (X = C C lg C ^ O C O -) w hich is  solid (con tras t
to C, X = CClgCH^OCO- which is  o il) w as found by IR to  be s ta b le  to -20° fo r
2 y ea rs , but it w as not stab le  under bas ic  conditions (see  C hap ter 5) and th is
w as m anifested  by the production  of 1 -ac y l-sn -g ly c e ro l 2, 3 -ca rb o n a te  "in tra c e
to sm all am ounts" . Rem oval of th is  group  from  p ro tec ted  d ig ly cerid es  by
a c t i v a t e d ^ Z n °  dust gave the  product d is trib u tio n  a s  in  T ab le  XI. While in the
case  of r a c .  CII (R = R 1 = C H ) no 1, 3 -d ig ly cerid e  w as produced, its
1 /  35 1 j
production was evident in r a c . CII (R = R = C ^ H ^  and R = R = C ^ ^ ^ )  with
a trend  tow ards g re a te r  am ounts of 1, 3 -d ig ly cerid e  w ith s h o r te r  f. acid chain
length. It is  th e re fo re  to be expected that the iso m eriza tio n  du rin g  rem oval of
the CClgCH^OCO- group w ill follow the g en e ra l tre n d s , i . e .  f a s te r  iso m eriza tio n
of s h o r te r  chain re la tiv e  to  longer chain and u n sa tu ra ted  re la tiv e  to sam e chain
27length sa tu ra te d  d ig ly cerid es  . In fac t, 1, 2 -d io le o y l-sn -g ly c e ro l p rep a red  in
69a
th is way had a low er op tica l ro tation  value than the one p rep a re d  by Baer and 
119Buchnea , indicating som e iso m eriza tio n . The p o ssib ility  o f elaid in iza tion
m ust a lso  be c o n s id e re d ^ . W hile purifica tion  of the sa tu ra te d  d ig lycerides  so
18obtained by cry s ta lliza tio n  is  not a m a jo r p rob lem , i t  can be so when
unsa tu ra ted  analogues a re  p rep a re d  because they a re  o ils  a t am bien t tem p era tu re s .
C hrom atographic purifica tion  can lead to fu rth e r  iso m eriza tio n  o r  not depending
on the so u rce , p re - tre a tm e n t o f the adso rben t and ac tu a l ex p erim en ta l conditions 
23 27 69em ployed ’ ’ . C hrom atography on F isons s il ica  ge l (100 g /g  compound)
using E t2 0 /hexanes 85/15 a t flow ra te  5 m l/m in  afforded ca . 10 tim es  m ore 
iso m erized  1, 2 -d im y ris to y l-n ic -g ly c e ro l (TLC an a ly s is ).
Because the s tab ility  of the TBDMS group  was found to  be p rac tica lly  
s im ila r  to  that of the isopropylidene group under ac id ic  conditions (see T ab les 
XIII, XIV), the p rep a ra tio n  of C (X = TBDMS) could not be pe rfo rm ed  via IC
(Y , Y , = CM e„, X = TBDMS). An a lte rn a tiv e  way w as tr ie d  by p rep a rin g  IC
(Y 1 = Y2 = CH2Ph, X = TBDMS) via Schem e XVI. R em oval of benzyl g roups w as
a ttem pted  u sing  Pd on charcoal and v ario u s so lv e n ts . AcOEt w as a poor solvent.
The use of a  p ro tic  so lvent was found to be n e c e s s a ry  fo r  hydrogenolytic cleavage
of benzyl g ro u p s. G lycerol w as alw ays a b y -p ro d u c t, ind icating  that in th is  ca se
the TBDMS group is  not to ta lly  stab le to h y d ro g en o ly sis . 90 MHz ' H NMR showed
54a lso  the p re se n c e  of tra c e  am ounts of the 0 - is o m e r .  Ogilvie a lso  observed  
sligh t d iffe ren ce s  in the chem ical sh ifts , ^ 6 = 0. 05, of SiMe ^ fo r TBDMS attached  
to  p r im a ry  and secondary  hydroxyl g roups of thym idine in CDCl^. Because of the 
d ifficu ltie s  in  a sce rta in in g  the pu rity  of C (X = TBDMS) by NMR we unsuccessfu lly  
a ttem pted  GLC d iffe ren tia tion  of TMS d e r iv a tiv e s . We could not find conditions 
fo r  re so lv in g  « -  and 0-TBDMS d e riv a tiv e s  of g ly c e ro l.
In conclusion, we feel that our £n -g ly c e ro l 3-TBDMS e th e r  w as not of 
the re q u ire d  standard  of pu rity . A nother d raw back  of the TBDMS group  w as that 
no conditions w ere found fo r i ts  rem oval w ithout cau sin g  acy l m igra tion . Acidic 
conditions (AcOH) known to be effective fo r  rem o v a l of TBDMS from  p ro s ta ­
g la n d in s ^ ,  n u c le o s id e s ^ ’ ^  did not c leave it  a t a l l  from  CIV (R = C ^ H ^ ^ ) .
It w as rec e n tly  rep o rted  that the TBDMS group  in  s te ro id s  re s is te d  c leavage and
74
m ore  ac id ic  conditions had to be used (such a s  HC1 o r  CF^COOH in acetone) .
The r e s is ta n c e  to ac id ic  hyd ro ly sis  w as a t tr ib u te d  to  s te r ic  fa c to rs  from  the
74alcoholic  p a r t  of the m olecule . H^BO^ w as found to  be ineffective a s  w ell in
rem oving  TBDMS from  p ro tec ted  d ig ly c e rid e s . S tro n g e r ac id ic  conditions
(e .g . u sing  HF in the p re se n ce  of p ro tic  so lv e n ts )  gave on the one hand incom plete
TBDMS rem ova l and on the o th e r hand iso m e riz e d  d ig ly c e rid e s  and th e ir  d e -
acy la ted  p ro d u cts , by analogy with behav iour a lre a d y  observed  fo r the action  of 
125
60% HF on d ig ly cerid es  . HC1 in CHC1 /M eO H  1/1 v /v  had the sam e effect.
J  2 3Ruoride ion in p ro tic  so lven ts is a poor nucleoph ile  tow ards sp o r  sp carbon ,
la rge ly  because  of solvation. Rem oval of so lva tion  by d isso lv ing  KF in
benzene w ith  the aid of a  crown e th e r  p roduces "naked" F which functions as
126a qu ite  w orkable nucleophile and base . Naked F  can a lso  be p repared  a s  a
72q u a r te rn a ry  am m onium  sa lt in non -po lar so lv en ts  like THF . T rea tm en t of 
e i th e r  TBDMS pro tected  d ig lyceride  jjyUj, the la t te r  reag en t revealed :
a) n e a r ly  instan taneous cleavage of the S i-O b o n d
b) in stan taneous isom eriza tion  to an eq u ilib riu m  m ix tu re  of 1, 2- and 1, 3-
d ig ly c e rid e s .
155
NMR ex p erim en t showed that no CH = CH pro tons w ere  p re se n t, so the proton 
req u ired  fo r  RO quenching may com e from  Bu^N+ by the following m echanism :
%  CH2CH„CH„CH„‘2 2 2 3
c h c h 2c h 2c h 3
RO
H
Bu ‘ - N - CHCH.CH.CH
Z | z z  o
CH2CH2CH2CH3
Two equivalen ts of F a re  req u ired  fo r  com plete c leavage of S i-O  bond (0 .5  and
1 equ ivalen ts gave incom plete cleavage). In these la t te r  c a se s , a lso , eq u ilib ra ted
d ig ly c erid e s  w ere  obtained along with unreacted  s ta r t in g  m a te ria l. When 1 m o la r
equivalent o f cone. H2S0 4 w as added to reaction  m ix tu re  to se rv e  as  a proton
so u rce  which might p reven t tra n s-a cy la tio n , no Si-O  bond cleavage w as observed
w ith f ’ . F~ from  pyridine* (HF)x w as a lso  ineffective in  cleaving Si-O  bonds,
at le a s t in o u r blocked d ig ly c e rid e s . T hese re su lts  show that naked F is
req u ired  fo r  cleavage. The p re se n ce  of proton acids leads to ex tensive  solvation
of F _ and hence, attenuation  of i ts  nucleophilicity . C ontro l ex p e rim en ts  with
Bu” n +F  u sing  pure 1 ,2 -d is te a ro y l-sn -g ly c e ro l and 1 ,2 -d is te a ro y l-sn -g ly c e ro l
3 -benzyl e th e r  showed that in the f i r s t  ca se  an equ ilib ra tion  m ix tu re  w as obtained
instan taneously , while in the la t te r  ca se  no reac tion  w as observed . F rom  the
above r e s u l ts  a m echanism  can be form ulated  a s  in Schem e XVIII. It is  th e re fo re
concluded tha t un less a specific  reagen t is  found fo r cleavage of Si-O  bond,
TBDMS group  has but lim ited application  in lipid ch e m is try . It w as recen tly  
127found tha t fe r r ic  ch lo ride in A c20  sm oothly and quickly  converts  e th e rs , 
including TBDMS e th e rs , to a c e ta te s . This reaction , but using f. acid an hyd rides, 
has po ten tia l application  in lipid ch em is try .
R ecently , Barton e t a l 1 17 rep o rted  that o -n itro b en to y l group can be used
j*n* •
fo r p ro tec tion  of alcoholic functions, its  rem oval being affected by reduction  of
128the n itro  to  hydroxylam ino substituen t which rap id ly  cyc lizes in tra m o lec u la rly  
to 2, 1-benzisoxazol-3-(1H )-one with concom itant libe ration  of the alcohol in 
high y ie lds (95%). P reparation  of the e s te r  IC (Y^, Y2 = CMe2, X = o -n itro b en zo y l) 
w as achieved in high y ie ld s a s  d esc rib ed  in the experim en tal section . Q uan tita tive  
rem oval of the isopropylidene group  w as effected by sh o rt tim e (40 m in) ex p o su re  
to 0. 5 N HC1 according to E. F is c h e r  e t a l* to afford  a ch rom atograph ically  
and ana ly tica lly  pure o il. A rom atic  « -m onog lycerides w ere rep o rted  to  be 
n ea rly  in e r t  tow ards acyl m igra tion  in acid ic conditions*® ' and a re  stab le  even

a f te r  se v e ra l y e a rs  of s to r in g  (in the ca se  of 3-(p -n itro b en zo y l)-sn -g ly cero l "J“).
Rem oval of the o -n itro b en zo y l group from  CII (R = R^ = C _H , X = o -n itrobenzoy l)
117 ' ^  118
w as a ttem pted  by the m ethod of Barton e t al and B am berger and Pyman using
ac tiv a te d 11^ and n on -ac tiva ted  Zn° d u st. No reduction  of the -NC^ to -NHOH w as
observed . A ttem pts w ere  m ade to effect th is  reduction  photochem ically  accord ing  
120to Kaneko e t a l but no reduction  took p lace. P artia l reduction  w as effected by 
Zn° in ac id ic  m edium  (AcOH) a f te r  19 h. T his reac tion  a s  it stands has no 
p re p a ra tiv e  value. R eduction by hydrogenation in AcOH w as achieved a f te r  6 h 
using a la rg e  am ount o f c a ta ly s t (5% Pd on charcoal). The product showed d iffe ren t 
TLC and IR p a tte rn s  fro m  the s ta r tin g  m a te ria l, but it is  not yet known w hether 
reduction  stopped at the - NHOH level o r  went fu rth e r  to -NH^ (com pare Ref. 129 
and Ref. 65, pages, 169, 195). The product so obtained could not be forced to
cyclize  even by including w ashing with aq. KHCO. in the w ork up p rocedu re .
130 JBarton e t al a lso  noted  tha t cyc lization  of the o-hydroxylam ino benzoyl
d eriv a tiv es  of ce rta in  " f a t t ie r  alcoho ls" such a s  ch o les t-5 -en o l did not take place
and m odified th e ir  w ork up p rocedu re  to include s tro n g e r  b as ic  trea tm en t in o rd e r
to induce the cyc lization  and lib e ra tio n  of the alcohol.
F in a lly , 1, 2 - 0 - iso p ro p y lid e n e -rac -g ly c e ro l 3 -ac e to a ce ta te  was p rep a red ,
the idea being to co n v e rt it into an acid  stab le  o rganom etallic  compound, rem ove
the isopropy lidene g roup , modify the m etallic  p a r t , acy la te  and finally rem ove the
m odified p ro tec tin g  g ro u p  if  possib le  by g en e ra l acid c a ta ly s is . P re lim inary
ex p e rim en ts  using t r a n s -[C o(en )^B r^ | Br [en  = ethylenediam ine] fo r com plexing
the ac e to ac e ta te  p a rt of 1 ,2 - O -isop ropy lidene-rac -g lycero l 3 -acetoace ta te
afforded se v e ra l unidentified products.
B U I L D I N G  B L O C K S  F OR  P P G . III. PHOSPHOR Y LA TING AGENTS
7-A INTRODUCTION
A) PRINCIPLES OF PHOSPHORYLATIONS
The developm ent o f convenient sy n th e se s  of phosphom onoesters and 
a sy m m e tric  ph o sp h o d ie ste rs  is one of the m ain  ta sk s  of na tu ra l product ch e m is try . 
The m ost im portan t a sy m m e tric  p h o sp h o d ie s te rs  a re  the polynucleotides and
phospholip ids. Ideal rea g en ts  fo r th e ir  sy n th e ses  should m eet the following
. 131,132 c r i t e r ia  :
1) The phosphory lating  reagen t should have a pronounced and exclusive 
rea c tiv ity  tow ard the d e s ire d  a lcoho lic  function; in p a r tic u la r , it should
be able to phosphory late  a  p r im a ry  a lcoho l in the p re se n ce  of an unpro tected  
secondary  alcohol.
2) The reag en t should be capable to  e s tab lish in g , se lec tive ly  and spontaneously , 
a phosphod ieste r connection, a f te r  the in itia l fo rm ation  of a phosphom ono- 
e s te r  d e riv a tiv e . T his m eans e i th e r  th a t the phosphorylating pow er of the 
reag en t m ust be p re se rv e d , o r  tha t i t  m u s t be re s to re d  without the use  of 
additional re a g e n ts , a f te r  com pletion o f the f ir s t  phosphorylation step .
3) The phosphory lating  reagen t should c a r r y  an "aux iliary  group" that p rev e n ts  
u ndesirab le  side rea c tio n s  of the re su ltin g  phosphom onoester and d ie s te r ,  
and that can be e a s ily  rem oved when it  is  no longer needed, so a s  to 
lib e ra te  the ac id ic  P-OH groups.
131The te rm  " se le c tiv e  phosphorylating  agen t"  has been applied to a
reag en t which m eets the c r i t e r ia  ( 1)a n d  (3), w hile  a "chem ically  p rogram m ed  
131phosphory lating  agent" is one which m e e ts  a ll th ree  c r i te r ia .  Evidently, to be 
of p ra c tic a l value the phosphorylating  rea g en t should be read ily  availab le from  
sim ple  rea c tio n s  capable of being run on a la rg e  scale .
The pow er of a phosphorylating  agent m ay be the deciding fac to r  in its 
rea c tio n  with a lcoho ls . F orm ation  of phosphate e s te r s  req u ire s  ac tiva tion  of 
e i th e r  alcohol o r  phosphoryl group. T he m a jo rity  of phosphorylations depend on
activation  of the phosphoryl group  , which can  be done e i th e r  before the reac tion  
o r  in situ . If the long es tab lished  and frequently  u n sa tis fac to ry  method of 
phosphorylating alcohols by d ire c t reac tio n  w ith POClg in p resen ce  of a base  is
om itted from  consideration , m odem  m ethods of phosphorylation  fall into two broad 
133groups :
a) T hose which y ield a s  in itia l p roducts p h o sp h o tr ie s te rs  (in which case  the 
phosphorylating  en tity  d e r iv e s  from  a d ie s te r  of phosphoric acid).
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b) T hose which yield a s  in itia l p roducts d ie s te r s  of phosphoric acid (in which 
case  the phosphorylating  en tity  d e r iv e s  from  a m o noeste r of phosphoric 
acid).
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Because n a tu ra lly  o c c u rrin g  phosphate e s te r s  a r e  m ostly  asy m m etrica lly  
substitu ted  d ie s te rs ,  p ro g re s s  in  th e ir  chem ica l syn thesis  can be m ade only when 
one o r  two reac tiv e  g roups of a te traco o rd in a ted  phosphorylating  agent can be
1 3 4
p roperly  p ro tec ted . T h ere  a r e  m any exam ples of such p ro tec ting  g roups and 
active r e s e a rc h  is continuing to develop new ones to suit the syn thesis  of 
p a rtic u la r  phosphate e s te r s .
F ocussing  atten tion  on the leaving g ro u p (s )  one has two p o ssib ilities :
i) the leaving group is  a single atom
ii) the leaving group is  a chain of a tom s.
If it is  a single atom , it should obviously be a good leaving group . However, a s
3d o rb ita ls  of phosphorus can in te ra c t favourab ly  with the lone p a ir  o rb ita ls  of
e lec tronegative  a tom s via d -p  backbonding th is  ca u se s  the strength  of the P- L 
-------  I f  tt
bond to in c re a se , and red u ces the leaving g ro u p  capacity  of L. The above
disadvantage can be allev ia ted  when L is a cha in  of a tom s. Then we can have a 
135system : P -X -Y -Z  w here the d -p  bonding can  be e lim inated  (if X does not
v  v  2
contain fre e  p o rb ita ls  a s  in the ca se  of sp hybrid ized  carbon) o r  the d -p
1 6 0
bonding can be w eakened by p -p  in te rac tio n  of Y w ith Z the reby  pu lling  the
TT TT
e le c tro n s  from  X tow ards Y: F- X-Y=Z. In both c a se s  Z should be s tro n g ly  e lec tro n^  135
w ithdraw ing. It should be noted tha t th is  P -X -Y -Z  a rra n g e m e n t d o e s  allow  the
131c re a tio n  of "chem ica lly  p ro g ram m ed  phosphorylating  agent" if th e  g roups 
X, Y and Z can be ta ilo red  to  m eet the c r i t e r ia  fo r  such a phosphory la ting  agent.
B) PHOSPHORYLATIONS IN LIPID CHEMISTRY
In sp ite  of the p ro g re s s  m ade rec en tly  in developing phosphory la ting  
134agents c a rry in g  su itab le  g roups , phospholipid ch e m is ts  w ere  r a th e r  re lu c tan t 
in both developing a n d /o r  applying new phosphory lation  techn iques. Phosphate 
m ono- and d ie s te r s  in lip ids have been c re a te d  la rg e ly  by:
a) ac tiva ting  the alcoholic p a r t  a s  brom o o r  iodo d e riv a tiv e s  and re a c tin g  with
6a , b, d
s ilv e r  phosphates p ro tec ted  w ith phenyl, benzyl o r  t-b u ty l g roups
b) ac tiva ting  the phosphoryl g roup  a s  phosphorom onochloridate and p ro tec tin g
6c
the re s id u a l function(s) w ith phenyl o r  using ph o sp h o ro d ich lo rid a te s  ca rry in g
e ith e r  the req u ired  alkyl p a r t o f the phospholipid (which acted  a s  a p ro tec tin g
6c 6
group fo r phosphate a s  w ell) o r  a phenyl p ro tec tin g  group  ’ o r  a 2 -ch lo ro m e th y l-  
1364 -n itropheny l group . Using 2 -ch lo ro m e th y l-4 -n itro p h en y l phospho rod ich lo ridate  
137Kaplun e t a l p re p a re d  phospholip ids in low y ie ld s (25%).
The advantages and d isadvan tages of using the s ilv e r  phospha te-a lky l 
halide m ethod in g en e ra l, and in connection w ith DPG syn th esis , have been 
d iscu ssed  in C hap ter 4.
Phenyl o r  diphenyl phosphates, p rep a re d  fro m  the a p p ro p ria te  ch lo rida te ,
rev e a l th e ir  ac id ic  function(s) w ithout com plications only a f te r  hyd rq g en o ly sis .
T hus, only sa tu ra ted  phospholip ids can be p re p a re d , using such ch lo rid a te s .
138Dibenzyl phosphoroch lo rida te  has not been used in lipid c h e m is try , probably 
because its  p re c u rs o r , dibenzyl phosphite, is  d ifficu lt to purify 
ch lo rida te  its e lf  should be used im m ediate ly
u n a ttrac tiv e . Also, the yield of the t r ie s te r  w as low due to  fac ile  m onodebcnzyl- 
- 140ation by Cl , thus adding an o th er draw back to th is  sy stem .
Khorana and h is  co w o rk ers  studied in d e ta il the in te rn u cleo tid ic  bond
form ation  which re su lted  when nucleo tides w ere  ac tiva ted  with DCCD 
141 142ArSCLCl ’ . A fte r the su ccessfu l app lication  of these re a g e n ts  in nucleotide
i  1 4 3
c h e m is try  it w as an tic ipated  that they could be applied  in phospholipid c h e m is try
T his is p a r t ic u la r ly  im p o rtan t because it  adds an o th er s ta r t in g  m a te r ia l  for
phospholipid sy n th e s is , nam ely  phosphatid ic a c id . Thus, DCCD m ed ia ted
condensa tion  of PA (m onopotassium  sa lt)  w ith a 50-fold e x c e s s  o f g ly c e ro l fo r
17 h a t RT affo rded  PG (67% a f te r  two ch ro m a to g rap h ic  p u rific a tio n s)  a s  m a jo r
144
product w ith  sm a ll am ounts of un reacted  PA, i t s  u re id e  and pyrophosphate
144
A le s s e r  e x c e s s  of g ly cero l gave m ainly pyrophosphatid ic  acid  . S im ila r
re s u lts  w e re  obtained by A n e ja 's  g r o u p ^ ’ and de H aas e t a l ^ ^ .  B arz ilay  and 
182Lapidot , on the o th e r  hand, rep o rted  a su c ce ss fu l app lica tion  of DCCD in PE
sy n th e s is  (64% y ie ld ) by condensing PA (b is  py rid in ium  s a l t  in p y r id in e /C C l^ )  w ith
a 3-fold e x c e s s  o f^ -B O C -N H C I^C ^O H  in the p re se n c e  of DCCD fo r 48 h a t RT.
C learly , DPG sy n th esis  based  on DCCD ac tiv a tio n  is  u n a ttra c tiv e .
Phospholipid sy n th e s is  using  ArSO^Cl (esp ec ia lly  TPS) a s  ac tiv a tin g  agent
m et w ith s u c c e s s .  T hus, A neja e t  a l^ ’  ^ r e a c te d  PA (pyrid in ium  fo rm )  w ith a
2 -m o la r  e x c e s s  of the ap p ro p ria te ly  p ro tec ted  alcohol in  the p re se n c e  of 2 -3  m o la r
ex c ess  of TPS in pyrid ine so lu tion  a t RT fo r  3 -8  h. By th is  technique they obtained
phospholip ids (PE, m onom ethyl-PE , d im eth y l-P E , PS and PC) in 60 - 90% yield
\yith lit tle  o r  no pyrophosphate f o rm a tio n ^ .  The ex ten t o f su lphonylation  of the
70alcohol h a s  not been de term in ed  but b ecau se  of the s te r ic  h in d ran ce  of TPS th is
142side re a c tio n  should be slow . A lso, the e x c e s s  of TPS and alcoho l com ponent
e n s u re s  th a t enough alcoho l w ill be p re se n t to  be phospho ry la ted .
T he a c tiv e  phosphory lating  agent fro m  phosphate m o n o e ste r  and TPS in
pyrid ine  h a s  not yet been iden tified , so the m echan ism  is  incom ple te ly  understood . 
141 143K h o ran a 's  g ro u p  ’ excluded a tr im e tap h o sp h a te  in te rm e d ia te  on the g rounds
that th is  s p e c ie s  is  too slow a s  a phosphory la ting  agent. It is  p re su m e d  to be
the a c tiv e  phosphory lating  agent in DCCD m ediated  phosphory la tion  and k ine tic
stu d ies  of p a ra lle l  re a c tio n s  using DCCD and TPS (o r  o th e r  A rS C ^C l) fo r
phospho ry la tion  show the la t te r  to  be f a s te r .  M onom eric m etaphosphate  w as
148proposed  a s  the phosphory lating  agent
C) PHOSPHORYLATION BASED ON THE OXYPHOSPHORANE CONCEPT
R ecen tly  a new m ethod of phosphory la tion , qu ite  d iffe ren t f ro m  the 
131tra d itio n a l ones, w as advanced based  on the p ro p e r tie s  ( ru le s )  o f oxyphos-
149phoranes (" th e  oxyphosphorane concept" ). "T he oxyphosphorane concep t"  has 
re su lted  in  signfican t p ro g re s s  tow ard the developm ent of se lec tiv e  a n d /o r
1 6 2
chem ically  p ro g ram m ed  phosphory lating  agents
131, 132, 150 , in sy n th e s is  in
g e n e ra l151 and in understand ing  d isp lacem en t rea c tio n s  of P(V) com pounds,
152
esp ec ia lly  phosphate e s te r s
The rea c tio n s  lead ing  to the p r e c u rs o r  phosphory lating  agent a r e  shown in
tow ards alcoho ls but the end product is  m ethyl alkyl phosphate "J'J. C A P -sa lts ,
CX1II, a r e  pow erful phosphory lating  agen ts which, in  addition, p e rfo rm  the
se lec tiv e  phosphorylation  of a p r im a ry  alcohol in the p re se n ce  of an unprotected
13
secondary  alcoholic  function, the end product being the u n sy m m etrica l d ie s te r
C A P -sa lts  a r e  se lec tiv e  but a r e  not chem ica lly  p ro g ram m ed  phosphory lating  agen ts 
because they lose th e ir  phosphory lation  pow er a f te r  the f i r s t  phosphory lation  s tep . 
An additional substance is  needed fo r ac tiva tion  of the re su lted  d ie s te r  CXIV in
m a te r ia ls  fo r the p re p a ra tio n  of such "chem ica lly  p rog ram m ed  phosphorylating
prom ising  com pounds fo r they re ta in ed  th e ir  phosphory lating  pow er a f te r  c a r ry in g
can then be rem oved  from  the t r i e s t e r  CXVII by m ild a lkaline  tre a tm e n t (pH ~  8 ) ,
Schem e XXII (see a lso  C h ap te r 8 ).
D) PRESENT WORK
As d esc rib ed  in C hap te r 4, the y ield  of DPG synthesized  by the s i lv e r  
phosphate method w as v e ry  low and phosphory lation  with POCl^ ted to in tra c ta b ly  
com plex reac tio n  p ro d u c ts . In an a ttem p t to find new, m ore convenient phosphory la ting  
agents we tr ie d  to adapt m ethods from  nucleotide ch e m is try , w here phospho ry la tions 
have been b e tte r  studied and m ore phosphorylating  agen ts  have been em ployed.
It is  obvious that DPG sy n th esis  based on DCCD ac tiva tion  cannot be ach ieved  
in one step  rea c tio n  because  of the n o n -s to ich io m e tric  am ounts req u ired , so th is  
possib ility  w as not exam ined experim en ta lly .
F ir s t ,  using  (C C l^ C l^ O ^  POC1 we p rep a re d  som e model com pounds of the 
type CXX and studied th e ir  behaviour, and using TPS ac tiva tion  CXXI w as p rep ared .
Schem e XIX
132, 150, 151a . M ethyl-CAP, CXII, is  a  pow erful phosphory lating  agent 
, . , _  . „  , _  150 _________
Acn = aceto iny l
CXIV
1 131o rd e r  to couple w ith  a second alcohol R OH . But C A P -sa lts can  be the s ta r t in g
131agen ts"  as in Schem e XX . C A P-anhydrides, CXVI (in p a r tic u la r ,  CXV) w ere
131out the f i r s t  phosphory lation  step  a s  shown in Schem e XXI. The aceto iny l g roup
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A ttem pts to  ach ieve "one flask  double p h o spho ry la tion" w ere  m ade using 
CXIII ac tiva ted  by tosy l ch lo rid e , m esity l ch lo rid e  and TPS.
7-B EXPERIMENTAL
1, 3 - [b is -(g , b. f» -trich loroethy lphosphory l)l p r o p a n - 1 ,3 -d io l CXX, (X = H)
To a cold (0°C) solu tion  of 2. 740 g (7. 2 m m o l)  b is-(p , ft g -trich lo ro e th y l)  
phospho roch lo rida te  in 3 m l d ry  CHClg w as added slow ly  a solution of 230 mg 
(3 m m ol) p ro p a n -1, 3 -d io l and 0. 6 m l (7. 6 m m ol) d r y  pyrid ine in 1 ml d ry  CHClg. 
T he re su ltin g  m ix tu re  w as s t i r r e d  a t RT for 21 h . A ddition of E t20 , filtra tion , 
w ashing the p re c ip ita te  w ith  E t20 , then w ashing th e  f il tra te  with d il. HC1, satd . 
aq . Na and H20 , d ry in g  (Na2S 04 ) and e v a p o ra tio n  afforded 2. 14 g of product 
w hich w as pu rified  on s il ic a  gel (60 g ) elu ting  w ith  E t20 /h e x a n e s  3/1 (200 m l) and 
E t20  (500 m l). F ra c tio n s  50 m l w ere  co llec ted . P roduct appeared  in fractions
7 - 8 .  1. 715 g (75%) of o il which c ry s ta lliz e d  v e ry  slow ly on pumping, m. p. 45 C, 
p u re  by TLC (E t20 /h e x a n e s  3 /1 , R p  0 .32).
Found (B ernhard) : C 17 .44, H 2.08%; H 2° 8P2 <MW 761 .64R e q u ires  
C 17. 34, H 1.85, Cl 55. 86 , P 8 . 13%.
IR (C C 1J : 2950 (w), 1453 (w), 1382 (w), 1308 (m ), 1287 (m), 1108 (s), 1035 (s),4
910 (m), 725 (m).
1H NMR (90 MHz, p y rid ine-dg , TMS) : 5.01 (d, 6 . 75, 8H, C H ^ C lg )
4 .48  (m, 4H , CH2CH2CH2)
2.21 (m, 2H, CH2CH2CH2 ).
31P NMR (36. 43 MHz, p y rid ine-dg , 85% H3PC>4 ) decoupled  ; -4 .1 6 , s in g le t*  
Selective rem o v a l of one -C H jC C lg group  from  e a c h  phosphate t r ie s te r  w as 
a ttem pted  using p y r id in e /c . NH3 1/1 and T H F /c .N H g  1/1 v /v . ,ln>-hoth c a se s
—  t .
* P chem ical sh ifts  in ppm . Minus signal c o r re sp o n d s  to h igher field than 85%
H .P O , ex te rn a l stan d ard .3 4
I uu
ev apo ra tion  of so lvents left a gum  which could not be c ry s ta lliz e d . P NMR of
th e  product from  p y rid in e /c . NH„ rea c tio n  had a peak a t -4 .1 6  ppm (in p y rid in e -d  )
1 J
and 90 MHz H NMR showed a p a i r  of doublets a t 5 5. 05 and 5. 02, J=7. 04 and
6. 75 H z resp ec tiv e ly  (in p y rid in e -d ^ ).
1, 3 - fb is -(p , p, p -trich lo ro e th y lp h o sp h o ry l)]  - ra c -g ly c e ro l  2 -t-b u ty ld im e th y ls ily l 
e th e r ,  CXX (X = OTBDMS)
S im ilarly  p rep a red  and p u rified  on s il ic a  gel (50 g  fo r  2. 4 g  crude  p roduct). 
E lu tion  with E t^O /hexanes 3/1 (co llec tin g  10 m l fra c tio n s )  gave p ro d u c t in f ra c tio n s  
8 -  13 as  co lo u rle ss  oil 1 .307 (58%) pure by TLC  (E t-O /h e x an e s  3 /1  R 0. 56).
Z r
Found (CHN) : C 23.02, H 3. 18%; C 4_H00C F „ 0 0P-Si (MW 891.90) re q u ire s
1 /  Zo  1Z y  Z
C 22.89, H 3. 16, C l 47. 70, P 6 .9 4 ,  Si 3. 15%.
IR (CC14) : 2950 (m), 2930 (m), 2890 (m), 2860 (m), 1470 (m), 1465 (m), 1450 (m), 
1380 (w), 1362 (w), 1285 (m), 1100 (s), 1028 (s), 900 (m ), 835 (w).
NMR (CDC13> TMS) : 4. 67 and 4. 62 (p a ir  of doub le ts, J = 7. 60 each , 8H, CH2CC13 ) 
4. 24 (m, 5H, CH2CHCH2)
. 0. 90 (s, 9H, CMe3 )
0 .1 3  (s, 6 H, SiMe2).
Removal of TBDMS g ro u p  w as effected  using  Bu^N F in d ry  TH F (10 m in , 
R T ). A fter rem o v a l of vo la tile  p ro d u c ts  and so lven ts, H NMR showed that by 
u s in g
a )  2 equivalents F  p e r  TBDMS group  no TBDMS and P O C ^ C C lg  s ig n a ls  w ere  
p rese n t
b ) le s s  than 2 equivalen ts F  p e r  TBDMS group  p a r tia l  rem oval o f TBDMS g ro u p
w as accom panied by rem o v a l of -CH 2CC13 g roups a s  w ell.
W hen F in d ry  TH F w as added to  a CC 1. solu tion  of CXX (X=OTBDMS) no re a c tio n
4 1
to o k  place as  can be judged fro m  the unchanged H NMR sp e c tra , i r re s p e c tiv e  of 
th e  equivalents F  added. A c o n tro l ex p erim en t using M e2CHOPO(OCH2CC l3 )2 in 
T H F  showed tha t F in d ry  T H F  w as effec tive  in rem oving  both -C H 2CC13 g ro u p s  
f ro m  the m olecu le sim u ltan eo u sly . With 2 equ ivalen ts F  p e r  phosphorus ca . 64% 
CC13 CH20H w as produced (^H NMR re su lt) .
Bis-(B, p, B -trieh lo roe thy l) iso p ro p y l phosphate
To a cooled solution of 3 . 2 g (8 . 5 m m ol) b is -(p , & fi-trich lo ro e th y l)
31
“  I ' l k ' l i  1  I
I I 
I
phosphoroch lo rida te  in 10 m l d ry  CHC1„ w as added a so lu tion  of 1 .0  g (16. 7 m m ol)O
isopropanol in 1 m l (12 .4  m m ol) d ry  py rid ine  and the re su lte d  so lu tion  w as s t i r r e d  
at RT fo r  41 h. A ddition of E t20 , f iltra t io n , w ash ing  the  p re c ip ita te  with E ^ O ,  
w ashing the e th e r  p h ases  w ith d il. H^SO^, s a td .a q . KHCO^ and d ry in g
(Na^SO^) and ev ap o ra tio n  of so lven t gave 2. 978 g  (89%) of w hite so lid  pu re  by  TLC 
(E t20 /h e x a n e s  3 /1 , R p  0. 70), m . p. 47 -8°C .
Found (CHN) : C 20 .57 , H 2.56% ; C ^ H ^ C l ^ P  (MW 402 .87 ) r e q u ire s  
C 20. 86, H 2. 75, C l 52. 80, P 7. 68%.
IR (CC14 ) : 2980 (m), 2950 (m), 2880 (w), 1465 (w), 1446 (m), 1385 (m), 1375 (m), 
1292 (s), 1275 (s), 1178 (w), 1095 (s), 1025 (s), 895 (s), 860 (m ),
710 (m ).
NMR (CC14 , TMS) : 4 .71  (m, 1H, CH)
4.51 (d, 6 .0 0 , 4H, C l^C C lg )
1.41 (d, 6. 10, 6H, CH3 ).
3 -[b is -(B , 8, B 'tr ic h lo ro e th y l)  phosphory l] - 1 , 2 -0 - is o p ro p y lid e n e -ra c -g ly c e ro l ,
CXXI
660 mg (1 .8 3  m m ol) b is-(B , B. B 'tr ic h lo ro e th y l)  phosphoric  ac id  and 373 mg 
(2 . 82 m m ol) 1, 2 - 0 - is o p ro p y lid e n e -ra c -g ly c e ro l w e re  d isso lv ed  in 2 m l d ry  
py rid ine  and a so lu tion  of 1 .467  g  (4. 8 m m ol) TPS in 5 m l d ry  py rid ine  w a s  added 
a t RT. The re su ltin g  blue so lu tion  w as s t i r r e d  a t RT fo r  4 .5  h. W ater w as added 
and the solution s t i r r e d  fo r  20 m in and then it w as e x tra c te d  w ith E t20  (3 x 25 m l). 
The e th e r  p h ases  w ere  w ashed  w ith d il. HC1, 5% KHCO^ and to pH 7 ( litm u s)  
and d ried  (Na2S 0 4 ). E v apo ra tion  of E t20  gave a yellow , v iscous o il w hich, upon 
d ry in g ,p a rtia lly  c ry s ta l l i s e d .  It w as pu rified  on s i l ic a  gel (30 g) w ith E t20 /h e x a n e s  
1/1 (150 m l) and E t20  (150 m l) a s  e lu tin g  so lv en ts . F ra c tio n s  25 m l c o lle c te d .
The product e lu ted  in  f ra c tio n s  5 - 10. It w as re c ry s ta l l iz e d  fro m  w arm  E t 20 -  
pe tro leu m  e th e r  (40-60°) and then a t -2 0 °  fo r  2 h, to  y ie ld  543 mg (63%) o f  CXXI, 
p u re  by TLC (E t-O /h e x a n e s  1 /1 , R 0 .2 5 ) m .p .  49-50°C .Z r*
NMR (CC14 , TM S) : 4. 52 (d, 6. 70, 4H, C H ^ C lg )
3. 96 (m , 5H, CH2CHCH2)
1 .33  (d, 5 .2 5 , 6H, CHg).
F ra c tio n s  2 - 3  e lu ted  an im p u rity  (118 m g) [T L C ; E t-O /h ex a n es  1 /1 , R 0. 72)
1 1 F  identified  by H NMR a s
1. e . a  10% sulphonylation took place under these cond itions.
NMR (CC14> TMS) : 7 .1 6  (s , 2H, A r-H )
4. 05 (m, 7H, CH2CHCH2 and o r th o  A r-C H )
2 .9 0 (m , 1H, p a ra  A r-C H )
1 .25  (d, 6 .70 , 24H, CHM£ 2 and covered  CM£2 ).
2, 2, 2 -trim eth o x y -4 , 5 -d im ethy l-2 , 2 -d ih y d ro -1 ,3 , 2-dioxaphospholene, CX 
was p repared  accord ing  to  R am irez  e t a l ’ a in  82% yield , b. p. 5 2 -5 ° /
0. 4 m m .
NMR (CDC13> TMS) : 3 .6 2  (d, 13.30. 9H. POCHg)
1 .8 3  (s. 6H, CH3).
The compound w as s ta b le  under N2 a t RT fo r  a t le a s t  1 month (by NMR).
Dim ethyl phosphate e s te r  of 2 -hydroxy-2-m ethy l-3 -oxobu tanoy l ch lo rid e , CXI 
w as p repared  accord ing  to  R am irez e t a l ^ ^ ’ in  98% yield .
IR (CH2C12 ) : 3000 (m), 2950 (m), 2855 (m), 1892 (s), 1726 (s), 1445 (m), 1373 (m), 
1355 (m), 1286 (m), 1177 (s), 1125 (m ), 1105 (m), 1042 (s), 910 (s), 
850 (s).
NMR (CDClg, TMS) : 3 .9 3  (d, 12.00, 3H, POCHg)
3. 87 (d, 12.00, 3H, POCH3 )
2 .4 1  (s, 3H, CH3C O )
1 .9 2  (s, 3H, CH3)
tra c e s  of im p u ritie s  : 3 .7 8  (d, 12 Hz), 2 .25  (s), 1J55 (s), 1 .42  (s), and 1 .38  (s).
2, 4 -d io x o -2 -m e th o x v -5 -a ce tv l-5 -m e th y l-2 -h y d ro -1, 3, 2 -d ioxaphospholane,
(cis and trans), CX1I
was p repared  acco rd ing  to  R am irez e t a l ^ ^ ’ ^ a in  77. 5% y ield , b. p. 9 5 ° /0 . 4 mm 
containing ca. 20% m ethy l aceto inenediol cyclophosphate.
NMR(CDC13, TMS) : 4. 09 (d, 12.00, 3H, POCHg)
i  /" r »
1. 86 (d, 4. 65, 3H, CH )O
Im p u ritie s  a t : 3 .8 4  (s), 3 .7 4  (m), 2 .3 4  (s), 2 .2 3  (s), 1 .9 4  (s), 1 .53  (s), and
1 .42  (s).
N -m ethy lpy rid in ium  2, 4 -d io x o -2 -o x y -5 -a c e ty l-5 -m e th y I-2 -h y d ro -1 , 3, 2- 
d ioxaphospholane, CXIII
132 150w as p re p a re d  acco rd in g  to R am irez  et a l ’ in 80% yield  p u re  by NMR. 
*H NMR (TMS) in :
CDC13
pyridine-- 5 .
9 .3 6 9 .5 3 (d, 6 .0 0 , 2H, p y r-H  alpha)
8 .6 7 8 .6 8 (t, 7 .3 0 , 1H, p y r-H  gam m a)
8 .2 8 8. 22 (t, 6. 70, 2H, p y r-H  b e ta)
4 .6 7 4 .7 4 (s, 3H, N -C H 3 )
2 .3 9 2. 49 (s, 3H, CH3 C O )
1 .67 1.8 6 (s, 3H, CH3 )
43 MHz, CDC13, 85% H PC>4 e x te rn a l)  : s in g le t a t +2. 74 ]31P NMR
Im p u ritie s  a t :+ 3 .  16 (1.8% ), + 2 .5 5 (7 .2 % ), +2 .33  (1.0% ), + 2 .2 8 (1 .0 % ), -1 0 .2 9  
(10.0% ), -1 0 .3 5  (10.1% ), -1 0 .4 4 (9 .6 % ), -1 0 .4 9 (4 .8 % ).
T osy l-C A P , CXV (A r =-<^~~^-CH3 )
To 640 m g (2. 2 m m ol) pyrid ine-C A P , CXIII, a  so lu tion  of 425 m g (2. 21 
m m o l)  re c ry s ta l l iz e d  to sy l ch lo rid e  in 2 m l d ry  benzene w as added and the m ix tu re  
w as s t i r r e d  a t RT u n d e r anhydrous conditions fo r  21 h. An o ily  p re c ip ita te  ap p eared  
a f te r  30 min of s t i r r in g  w hich rem ain ed  d u rin g  the re a c tio n  p erio d . T he benzene 
p h a se  w as rem oved  u n d er anhydrous cond itions and the  re s id u a l oil w as tr i tu ra te d  
w ith  d ry  benzene. T he com bined benzene p h a se s  w e re  ev ap o ra ted  and d ried  to
g iv e  42% rec o v e ry  of un reac ted  to sy l ch lo rid e  (NMR iden tifica tion ). T he o ily  ph ase
1 " 31
had a  H NMR sp e c tru m  w hich could not be in te rp re te d .  T he P NMR (CDC1«,
u
85% H3PC>4 , e x te rn a l)  showed a peak a t  +0. 45 ppm and t r a c e s  a t: +12. 32 (3. 2%),
-K). 93 (1.1% ), 4 0 .2 7  (3. 5%) and -0 .0 2  (1.4% ).
S im ila r ly  attem p ted : 
M esity l-C A P, CXV (A r =
had 31
48% rec o v e re d  m e sity l ch lo rid e  (identified  by NMR). 
P NMR (CD CU . 85% H3PC>4 ex te rn a l):
The o ily  low er phase
170
-K3.58 ppm  and im p u ritie s  a t +12.23 ppm (5. 2%) and -0 . 09 (0. 8%)
TPS-CAP, CXV (A r = - £ ^ - <  )
gave from  p rep a ra tio n  in benzene 60% reco v ered  TPS (NMR identification). H ere, 
instead  of an oily  phase, we obtained a solid  p rec ip ita te  which w as not investigated  
fu rth e r .
P rep ara tio n  of C A P-anhydrides, CXV, and in situ  double phosphorylation 
(see Schem e XXI)
i) T osyl-C A P
94 mg (0. 325 m m ol) pyridine-C A P, CXIII, and 62 mg (0.325 m m ol) tosy l 
ch lo ride  w ere  d isso lv ed  in ca . 0 .3  m l CDClg and the c le a r  solution was kept fo r 
3 h a t 35°C . Then it w as cooled to 0°C and 13. 2 p.1 (0. 325 m m ol) MeOH was 
added and the sy stem  w as left fo r  2. 75 h at 35°C. D uring th is  tim e a) CO^ w as 
produced and b) MeOH had reac ted  in the f ir s t  15 min (by NMR). Then 33. 7 U1 
(0. 325 m m ol) benzyl alcohol w as added and the sy stem  w as left for 53 h at 35°C.
No rea c tio n  w ith benzyl alcohol w as observed  by NMR during  th is  period.
ii)  M esityl-C A P
94 mg (0. 325 m m ol) pyridine-C A P, CXIII, and 71 mg (0. 325 m m ol)
m esity l ch lo rid e  w ere  d isso lved  in ca. 0. 3 m l CDCl^ and the c le a r  solution w as 
kept fo r  25. 5 h a t 35°C. A fter cooling to  0°C 13. 2 ykl (0. 325 m m ol) MeOH was 
added and the sy stem  w as kept a t 35°C fo r 15 m in. During th is  period no CO^ 
was produced . 33. 7 ^1 (0. 325 m m ol) benzyl alcohol w as then added and the sy s tem  
was left a t 35°C fo r 43 h. During th is  period MeOH seem ed to rea c t, though very  
slowly, while benzyl alcohol rem ained unreacted  (by NMR).
iii) TPS-CAP
94 mg (0. 325 m m ol) pyridine-C A P, CXIII, and 99 mg (0. 325 m m ol) TPS
w ere d isso lved  in ca . 0. 3 m l CDCl^ and the c le a r  solution w as kept at 35° for 
26. 5 h . A fter cooling to  0°C, 33. 7 ^1 (0. 325 m m ol) benzyl alcohol w as added and 
the rea c tio n  w as kept a t 0°C fo r 15 m in. NMR showed that benzyl alcohol had not 
reac ted . A ddition of 13 .2  m>1 (0. 325 m m ol) MeOH caused CO^ production. MeOH 
reacted  slowly during  a 42 h period , w hereas benzyl alcohol rem ained unreacted .
The above ex p e rim en ts  w ere  repeated  on an NMR sca le . Now, before the
171
addition of the f i r s t  alcohol (MeOH in a ll c a s e s )  py rid in e  (1 m ol equivalen t) w as 
added, followed by the f ir s t  a lco h o l, and a f te r  15 m in a t  0°C  the second alcohol 
(benzyl alcohol in a ll c a se s )  w as added . In a ll c a se s  m ost of MeOH had re a c te d  
during  those 15 m in, while benzyl a lcoho l rem ained  u n reac ted  for a long p eriod  
of tim e (c a . 30 h) a t 35°C. An NMR study of the e ffec t of the ra tio  m esity l 
ch lo ride/pyrid ine-C A P , CXIII, on the double phosphory lation  was a lso  m ade (in 
pyrid ine solvent). When the r a t io  w as 1, the f i r s t  alcohol (MeOH) did not r e a c t  
to tally , while the second a lcohol (benzyl alcohol) did not re a c t  at a ll. When the 
ra tio  w as 3, MeOH had rea c te d  to ta lly  w hile benzyl alcohol rea c te d  slow ly. And, 
when the ra tio  w as 5, MeOH had re a c te d  to ta lly  w hile benzyl alcohol reac ted  
re la tiv e ly  fa s te r .
7-C  DISCUSSION
The g, g g -trich lo ro e th y l g roup  proved to  be a  usefu l p ro tec tin g  g roup  fo r 
154carboxylic ac id s  and much w o rk  h as  been done in p ro tec tin g  phosphate functions
134in nucleo tide c h e m is try  m ain ly  by E ck ste in  and h is  a s s o c ia te s  . They showed 
that from  t r ie s te r s  of the type CXXII stepw ise rem ova l of - C ^ C C l^  (= T C E ) 
group can be achieved a s  follow s:
o  o c H2c c i 3  _ci N£i2-»
R0 _ P n 0 CH2CC 3^  
\  L
R O - P / OCH2CC13
\ ) ‘ NH,,+4
Zn ° / ° *  
RO - P .
.  0*
Zn
CXXII CXXIII CXXIV
Rem oval of one TCE g ro u p  fro m  CXXII in the nucleotide a re a  w as effected  
by trea tm e n t w ith concen tra ted  am m onia  fo r 2 h a t RT to g ive d ie s te r  CXXIII 
(genera lly  80% and m o noeste r CXXIV (g en era lly  2 0 % / ^ .  T his is  a shortcom ing , 
and can be quite se rio u s  in c a s e s  w here  se p ara tio n  of CXXIII from  CXXIV is  
d ifficu lt. A nother draw back, p a r t ic u la r ly  re le v an t to  lipid ch e m is try , is the 
observa tion  by S m r t^ ^  that th e  a c e ta te  group  w as a ttacked  during  trea tm e n t of 
t r i e s t e r  CXXII (R = p ro tec ted  u r id in e )  with alcoholic  am m onia . While the 
p rep a ra tio n  of CXXIII via CXXII (R = d ig ly cerid e  m oiety) can  be safely  reg a rd ed  
as  unsa tisfac to ry , the p re p a ra tio n  of PA (CXXIV, R = d ig lyceride  m oiety) from  
CXXII could not be devoid of d if f ic u lt ie s  e i th e r  since  rem oval of both TCE groups
r I f  f f l f l I I S ™ u ¥ i | M
is  not quan tita tive  a s  shown in nucleo tide field
W hile our ex p e rim en t try in g  to  ach ieve se lec tiv e  rem oval of one TCE group 
from  a t r i e s t e r  of the type CXXII w as in d ec is iv e , no fu r th e r  e ffo rts  w ere  m ade to 
iso la te  the com ponent(s) s in ce  r e p o r t s ^ * ’’ pointed to w ard s p o ssib le  non­
ap p licab ility  of the TCE g ro u p  in phospholipid ch e m is try .
We syn thesized  CXX (X = -OTBDMS) a s  a DPG m odel with the p u rp o se  of 
investiga ting  the effect of F  on S i-O  bond cleavage and the e ffec t of the alkoxy 
anion on a phosphate linkage. U sing F  in d ry  T H F  (2 equ ivalen ts F p e r  TBDMS 
g roup) we found com plete rem o v a l of a ll 4 TCE groups along with the TBDMS 
group  from  CXX (X = OTBDMS). T h is  w as an unexpected o b serva tion , in sp ite  of 
the fac t th a t F is  a good nucleoph ile  fo r  phosphorus and the TCE group  is a good 
leaving g roup , s in ce  the F  eq u iv a len ts  w ere  not enough fo r  to ta l rem ova l of a ll 
p ro tec tin g  g ro u p s. The e ffec t of F  on the P O d ^ C d ^  g roup  w as checked by 
titra tin g  M e2CHOPO(OCH2C C l3 )2 w ith  F  in d ry  TH F, evapo ra ting  the so lven t and 
vo la tile  b y -p ro d u c ts  and e s tim a tin g  the C C lg C H ^ H  produced  by NMR (Table XV).
TABLE XV E F F E C T  O F F* ON M e2CHOPO(OCH2C C l3 )2
F ' / p
M olecules C C lg C H ^ H  
re le a s e d , %
1 /1 0 7
1/5 13
1 /2 21
1 39
2 64
TABLE XVI E F F E C T  O F -'F *  ON CXX (X = OTBDMS)
f ’ /
'TBDM S
In teg ra tio n  ra tio  
Sl— 2/POCH 2C C l3
1 /1 0 12/17 = 0.71
1/5 10/15 = 0. 67
1 /2 20 /34  = 0. 58
1 /1 4 /8  = 0 .5 0
2 /1 -
0/ i 6 /8  = 0. 75
m u  biff sit
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T itra tio n  of CXX (X =-OTBDMS) w ith F  gave re s u lts  a s  in  T ab le XVI. The 
CClgClTjOH peak cam e under the CH2CHCH2 m ultip le t and w as only seen  when 
F /T B D M S  > 1 . T hese r e s u lts  show that F a ttack s both Si and P in th e se  m olecu les 
with a p re fe ren c e  fo r the Si c e n tre . The s tru c tu re  of the p roduct from  F a ttack  on 
CXX is unknown. T h ese  ex p e rim en ts  showed that if TBDMS is  to be used for DPG 
syn thesis  its  rem oval should not be effected by anhydrous F .
P re lim in ary  ex p e rim en ts  using TPS m ediated phosphory lation  of 1 ,2 -0 -  
iso p ro p y lid e n e -rac -g ly c e ro l by b js-(g , g, g -trich lo ro e th y l)  phosphoric ac id  gave 
product, CXXI, in 63% yield . About 10% sulphonylation of the alcohol took place 
during  the 4. 5 h rea c tio n  a s  judged from  the weight of iso la te d  by -p ro d u c t whose 
identification  w as done by NMR. D eterm ination  of the k in e tic s  of the r a te  of 
TPS-lation of g ly cero l by NMR (in pyrid ine) w as not p o ss ib le  because no c le a r  
changes in chem ical sh ifts  w ere  observed  between the f re e  and bound TPS rad ica l, 
in co n tra s t to tosy l ch lo rid e  w here  the fre e  and the bound ArCH^ a re  fa ir ly  well 
separa ted  (3 .33  Hz) in pyrid ine  solution. TLC (E t20 )  rev e a le d  (with T P S /g lycero l 
= 2 m o la r ra tio  in py rid in e) a t t = 0 min two additional sp o ts  (R 0. 38 and 0. 60;
F
g ly cero l R _  = 0. 00 and TPS R_, = 1 .00) and a f te r  1 h only one spot a t R 0. 83.
The s iz e  of th is  spot p ro g re ss iv e ly  in c reased , but no o th e r  data  on T PS-lation  of 
g ly cero l is ava ilab le . We feel that, because of the fac ile  su lphonylation  of both 
g ly cero l and 1 , 2 - 0- iso p ro p y lid e n e -ra c -g ly c e ro l and the n o n -s to ic h io m e tric  
am ount of alcohol req u ired  fo r a  TPS m ediated phosphory lation , th is  technique 
cannot be applied  to DPG sy n th esis  by a o n e-step  coupling of 2 PA w ith a free  o r  
g -p ro tec ted  m iddle g ly c e ro l (see  Scheme XI, low er p a r t) . Probably it  would w ork 
in a four step  sequence:
rOYi RCOO-i
PA + ■OY ^ - RCOO*
HO- -OPO-
cTo-
____,
2) PA, TPS LIV DPG
LXXVII CXXV
C om plications a r e  to  be expected  in the th ird  step  (CXXV, Y1 = H, -* LIV) since 
TPS can ac tiv a te  both the phosphate d ie s te r  (CXXV, = H )and  the m onoester, 
PA. T his reac tio n  sequence could be valuable by afford ing  m ixed acid  DPG (by 
varying the fatty acid com position  of the phosphatidic a c id s ; .
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C A P -anhydrides looked v e ry  p ro m isin g  phosphory la ting  agents fo r 
DPG sy n th e s is , both fro m  the point of view of s im p lic ity  and rap id ity . The 
pyrid ine-C A P, CXIII, w as th e re fo re  p rep a re d  a s  in Schem e XIX. G enerally , y ields 
w ere 10 -  15% low er than those published . The p u rity  of in te rm ed ia te s  w as 
e s tab lish ed  by NMR and w as found to be sa tis fac to ry . In itia lly , a ttem p ts  w ere  
made to p re p a re  and iso la te  C A P-anhydrides, CXV, using eq u im o la r am ounts of 
tosyl ch lo rid e , m e sity l ch loride and TPS in d ry  benzene a t RT under in e rt  
a tm o sp h e re . O ur a ttem p ts  w ere  unsuccessfu l because in sp ite  of ca refu l w orking 
up as d e sc r ib e d  in the ex p erim en ta l section , un reacted  ArSO^Cl w as rec o v e red  in 
all c a se s :
to sy l ch lo rid e  : 42% 
m e s ity l ch lo ride  : 48%
TPS : 60%.
One can o b se rv e  th a t th e re  is a trend  tow ards "m o re  s te r ic a lly  h indered  ArSO^Cl
apparen tly  le s s  re a c tio n " . The benzene insoluble p roduct(s) (unknown how many
31com pounds w ere  in th is  m a te r ia l)  gave the following P NMR (non-decoupled)
data in C D C l, vs 85% H .P O . (Table XVII).3 3 4
TABLE XVII 31P NMR DATA FOR CAP DERIVATIVES
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com pound
p ro m ­
inent
peak
6 .<%)
o th e r  peaks 6 , (%)
pyrid ine-C A P +2.74 -10. 49, -1 0 . 4 4 ,-1 0 . 3 5 ,-1 0 .2 9  , +2. 28, +2. 33, +2. 55, +3. 16
CXIII 100 4 .8  9 .6  10.1 10 .0  1 .0  1 .0  7 .2  1.8
tosy l-C A P -K). 45 -0 .0 2 , +0. 27, -K). 93 ,+12 .32
CXV 100 1 .4  3 .5  1.1 3 .2
m esity l-C A P -K). 58 -0 . 09, +12.23
CXV 100 0 .8  5 .2
The above re s u lts  indicated tha t rea c tio n  of A rSC^Cl and pyrid ine-C A P  se t up an 
equ ilib rium :
p y r. CAP + A rSO jCl a  CAP-anhydride + p y r .+CH,jCl
C onsequently , we perfo rm ed  som e double phosphorylation  ex p e rim en ts , in
.:  ! U* 8 * IU H i  HHIJi 11VM* *if * *'
which no a ttem p t w as m ade tow ards iso la tion  of C A P -anhydrides. The reaction
medium v a rie d  from  benzene to ch lo ro fo rm  and ch lo ro fo rm -p y rid in e , hoping that
the reac tio n  of C A P-anhydrides w ith the alcohol would be m uch fa s te r  than the
132reaction  of pyrid ine-C A P  with the alcohol , thus pushing the above equilib rium  
tow ards the righ t hand s ide . On m ixing eq u im o la r am ounts of ArSO^Cl and 
pyridine-C A P in CDCl^, allow ing enough tim e fo r es tab lish m en t of the above 
equ ilib rium  followed by addition of the f i r s t  alcohol, allow ing tim e fo r phosphory­
lation and finally  adding the second alcohol (see  a lso  Schem e XXI), we always found 
that one of the alcoho ls rem ained  unreacted  (by 1H NMR). It is no ticeab le that the 
reaction  in  CDCl^ w as a function of both ArSO^Cl and alcohol. Thus:
1) with to sy l ch lo ride  and MeOH (fir s t  alcohol),
MeOH rea c te d  quickly (15 m in) with evolution of CO„, but the second alcohol
1
(benzyl a lcoho l) rem ained  unchanged even a f te r  40 h. H NMR sp e c tra  taken during  
th is period  showed changes but could not be analysed  unam biguously. The fact 
rem ains, how ever, tha t phosphorylation  of a second alcohol could not be effected.
2) with m e sity l ch lo rid e  and MeOH (fir s t  alcohol),
In th is  experim en t the in te rv a l betw een the addition  of the f ir s t  and second 
alcohol w as 15 m in only (see Schem e XXI). No CO2 w as evolved a f te r  MeOH 
addition, and ^H NMR showed tha t MeOH had not rea c te d . A fter adding the second 
alcohol (benzyl alcohol), we obtained a sy stem  w here both p rim a ry  alcohols w ere  
p re se n t. A fte r  43 h 1H NMR showed that m ost (if not a l l)  benzyl alcohol rem ained 
unreacted  w hile MeOH reac ted  very  slowly. Again, the 1H NMR pa tte rn  w as too 
com plicated  for a n a ly s is .
3) with TPS and benzyl alcohol ( f ir s t  alcohol).
Again, the tim e between f ir s t  and second alcohol w as 15 m in. Benzyl 
alcohol had reacted  to  a sm all extent (doublet a t t  = 5 .0 7  J = 8 .0 0  Hz). However, 
both a lcoho ls w ere p re se n t, la rg e ly  unchanged. CO2 evolution s ta r te d  only a f te r  
addition of MeOH. A fter 42 h benzyl alcohol had not reac ted  fu rth e r , while MeOH 
reac ted  v ery  slowly.
T h ese  w ere  su rp ris in g  r e s u lts  since we expected  fast reac tio n s , even if 
A rS 0 2Cl did not ac tiv a te  pyrid ine-C A P because of the r e p o r t150 that pyridine-C A P 
re a c ts  w ith in  m inutes (0 - 10 m in) with MeOH to y ield  CXIV (R = CH^) with 
evolution of CO^.
Incorpora tion  of pyrid ine (1 equivalen t) p r io r  to addition of the f ir s t  alcohol
(MeOH in a l l  ca ses), followed by  the f i r s t  alcohol and a f te r  15 m in by the second 
alcohol (benzyl alcohol) gave u n ifo rm ly  s im ila r  re s u lts :
a )  MeOH had m ostly  reac ted  d u r in g  the 15 m in in te rv a l (appearance of two doublets 
a t r  = 6. 16 and 6 .18 , J = 11.5 H z and to ta l rea c tio n  o ccu rred  60 min a f te r  the 
addition  of the second alcohol (benzyl alcohol).
b ) A weak p a ir  of doublets (POCH2Ph) w as seen  a t T = 4. 88 and 4. 90, J = 8. 7 Hz, 
ind icative of som e phosphory la tion  of benzyl a lcoho l. This phosphory lation  w as 
ex tre m ely  slow fo r a f te r  30 h no  sign ifican t change in  the PhCH2OH and PhCH2PO 
ra tio  w as seen .
c )  Sulphonylation of alcohols could  not be excluded o r  verified  from  the com plicated  
^H NMR sp e c tra .
Again, these  re su lts  a r e  not e a s i ly  explained. Pyridine-C A P, if it had rem ained  
unactivated , should have r e a c t e d i n  ca.  0 - 1 0  m in with MeOH and not a f te r  
60 min a s  we observed .
F inally , a study of the e ffec t of the am ount of A rS 0 2Cl on pyrid ine-C A P 
ac tiva tion  w as made using m e s ity l ch lo ride  (in te rm ed ia te  in s te r ic  h indrance 
between tosy l ch lo ride  and TPS) in pyrid ine a s  so lven t. T im e w as allowed fo r 
equ ilib rium  to be estab lished  and  the second alcohol (benzyl a lcohol in a ll c a s e s )  
followed the f i r s t  alcohol (MeOH in a ll c a se s ) .
a )  With 1 : 1 m esity l ch lo rid e /p y rid in e -C A P , MeOH w as not com pletely  phosphoryl- 
ated  even a f te r  6 h, while benzy l alcohol rem ained  to ta lly  u n reac ted .
b) With a 3/1 ra tio  a ll MeOH had reac ted  d u rin g  the f ir s t  40 m in, while benzyl 
alcohol d isappeared  re la tiv e ly  qu ickly , although PhCH2OP doub le t(s) w ere  not seen 
in the region 4. 5 £ r  £ 5 .00 . P robably  sulphonylation of benzyl alcohol took p lace 
under these conditions to g ive benzyl m e sity la te  s ince  a hump w as seen a t T = 4. 55.
c )  With a 5/1 ra tio  a ll MeOH had reacted d u rin g  the f ir s t  1 h w hile a ll benzyl 
alcohol had d isappeared  a f te r  c a . 3 h, g iving a hump at t = 4 .5 4 , indicative of 
sulphonylation. No PhCH2OP d o u b le t(s)  w ere  seen .
In conclusion, an a t te m p t has been m ade to  check the app licab ility  of two 
phosphorylating  agents in lip id  c h e m is try  in th e  context of DPG sy n th es is . N either 
of them  gave sa tis fac to ry  r e s u l t s  in model ex p e rim en ts . S yn thesis of DPG via 
ac tiva tion  of PA by TPS re m a in s  to be te sted  only In the ca se  of the 4 -s tep  reac tion  
sequence outlined above.
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C H A P T E R  8
S Y N T H E S I S ,  I S O L A T I O N  A N D  P U R I F I C A T I O N  O F  P P G  
A N D  T H E  B Y - P R O D U C T  BI S - P H O S P H  A T I  DI  C A C I D
8-A  INTRODUCTION
While phosphory lation  w ith C A P-anhydrides, CXV, Schem e XXI, proved  to 
be inadequate fo r  DPG sy n th esis  (for m odel ex p e rim en ts , see C hap ter 7), p h o s­
phory lation  w ith C EP-O -CEP (aceto in  enediol cyc lopyrophosphate, CXXVIII) m et 
w ith  su ccess . The sy n th esis  of th is  phosphory lating  agent p ro ceed s a s  in Schem e 
X X III^ ^ ’ * V Double phosphory lation  of a lcoho ls with C EP-O -C EP is
c a r r ie d  out in ap ro tic  so lven ts in the p re se n ce  of acid  b inders (cf. Schem e XXI 
F inally , rem oval of the aceto iny l p ro tec tin g  group  is  affected in sligh tly  a lk a lin e  
m e d i u m ( S c h e m e  XXII, C hap ter 7).
The app lica tion  of CEP-O -CEP in lipid c h e m is try  is  exem plified  h e re  by 
the p rep a ra tio n  of DPG sp ec ie s  c a rry in g  one kind of fatty  acy l m olecule (cf. 
sim plified  syn thetic  plan, Schem e XI, C hap te r 5).
8 -B EXPERIMENTAL
8-B-1 SYNTHESIS OF FULLY PROTECTED DPGs, CLXIII (see  Schem e XXVIII)
^ 9 ,1 6 0
A cetoin enediol cyclopyrophosphate, (CEP-O-CEP), CXXVIII
w as kindly provided by Prof. F. R am irez . F o r i ts  p rep a ra tio n , see  Ref. 158, 159, 
160, 161. It w as found, by NMR, to be s ta b le  a t -20°C  fo r at le a s t 6 m onths, sealed  
and over s il ic a  g e l. It can be purified  a s  follows:
CEPOCEP w as d isso lved  in d ry  C H ^C ^, som e n icotinam ide w as added and 
a f te r  standing fo r  ca . 1 h at RT it w as f ilte re d  under anhydrous conditions. To 
the brownish f il tra te , d ry  hexanes w as added to c loud iness, and a f te r  shaking, the 
solution w as left fo r ca . 1 h a t RT. Some brown oily  d ro p le ts  w ere  p rec ip ita ted  
and the superna tan t w as separa ted  by f iltra tio n . To the c le a r  f il tra te  hexanes was 
added so that C ^ C ^ /h e x a n e s  = ^  to The m ix tu re  was left a t -20° overn igh t 
and the p rece ip ita ted  CEPOCEP was f ilte re d  off and d ried .
NMR (CDC13 , TMS) : 6 2. 00 (s, 6H, CH3 ).
U  Iff I  Si H I »iff I l f W f t S  ? £ M iix  8
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1, 3 -b is -rA c e to in y l-(1 ', 2 '-d is te a ro y l-s n -g ly c e ro )-3 ’-phosphory l] g ly c e ro l 
2 -t-b u ty ld im eth y lsily l e th e r . CLXIII (R = Y = TBDMS)
E xperim en t under A r.
4. 75 g (16. 8 m m ol) C EP-O -C EP w as d isso lv ed  in 25 ml d ry  CH^Cl^ to  g ive 
a c le a r  co lo u rle ss  to faint yellow ish  solution, 2. 45 m l (17. 6 m m ol). Et^N  w as 
added, causing  the solution to  becom e o range co lou red . Im m ediately , a solution 
of 10. 445 g (16. 8 m m ol) 1, 2 -d is te a ro y l-sn -g ly c e ro l in 350 m l d ry  CH^Cl^ w as 
added du rin g  2 - 3  min while s t i r r in g  at RT. The o range-co lou red  m ix tu re  w as 
s t i r r e d  a t RT (ca. 25°C) fo r 45 m in and then a solution containing 1 .7 4  g (8 . 4 
m m ol) 2-0-t_-butyldim ethylsily l g lycero l and 3. 5 ml (25. 2 m m ol) Et^N in c a . 30 m l 
dry  C H ^ C ^  w as added. S tir r in g  w as continued fo r fu rth e r  2 h, and then the solvent 
w as rem oved  and the o range  so lid  m a ss  w as d r ie d  b rie fly  in vacuum . T L C  (s ilic a  
gel H; E t-O /h ex an es 3 /1 )  rev ea led  4 spo ts, R 0 .0 0 , 0. 10, 0 .36  and 0 .51  which 
w ere identified  as:
R „  : 0.51 d ig lyceride  r
0 .3 6  p ro tec ted  b is-P A , CLXVI (R = C ^ H ^ )
0. 10 fully  p ro tec ted  DPG, CLXIII (R = C ^ H ^ ,  Y = TBDMS) 
0. 00 unidentified (probably a m ix tu re  of com pounds).
The p ro d u ct w as purified  by colum n chrom atography  on s il ica  g e l in 3 po rtio n s a s  
follow s:
S ilica g e l (F isons):300  g  in E t20 /h e x a n e s  3 /1 .
P roduct: 6. 7 g  in m inim um  am ount of CH2C12*.
Solvents : a) E t20 /h e x a n e s  3 /1  (450 m l) 
b) E t20  (1450 m l).
Flow r a te  : ca . 1 .8  -  2 .0  m l/m in .
F ra c tio n s  of 50 m l co llec ted .
The co rresp o n d in g  f ra c tio n s  (ana lysis  by m ic ro s lid e  TLC) from  the 3 co lum ns 
w ere  pooled and d ried  in vacuo ov er P2Og. T he Pe r t lnent data a re  a s  in T ab le  XVIII. 
Y ields : a) Recovered d ig ly c e rid e s . 2. 4 g
b) bis-PA  CLXXVIII (R = C 17H35, M = Na) 1 .7 8 g
c) Product, CLXIII (R = C ^ H ^ g , Y = TBDMS) 5 .392 g  co rresp o n d in g  to
37% y ield .
* CH 2C12 a s  TLC solvent showed that compound CLXIII had R p  0 .00 .
M i » :
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Found (CHN) : C 65 .33 , H 10.75%;
(BMAC) : C 70 .45 , H 11.50, P 3. 77, Si 2.07%;
(G a lb ra ith ):  C 64 .99 , H 10.65, P 3 .5 1 , Si 1.21%.
C 95H184°19P2Si (1720‘ 3?) re tJu ire s
C 66 .32 , H 10.78, P 3 .6 0 , Si 1.62%.
IR (CHC1„) : 2930 (s), 2860 (s), 1740 (s), 1465 (m ), 1362 (w), 1260 (m), 1155 (m), 
1115 (m), 1040 (s), 840 (m). F ig u re  9.
NMR : a )  31P (CDClg, 85% HgP04 ex te rn a l s ta n d a rd )
i) b road  band decoupling : s ing le t 6 -1 .4 5 3 3  ppm 
ii)  non-decoupled : b road  s in g le t 6 -1 .4 1 2 9  ppm .
b) 1H (CDC13> TM S) 8 :
5 .23  (m , 2H, RCOOCH)
4.77  (m , 7 .00 , 2H, P -0 -C H -C = 0 )
4. 00 (m , 13H, KCOOCH2, P -0 -C H 2 and S iO -C -H )
2.37 (m , 8H, -C H ^ C O O -)
2.22 (s , 6H, P -0 -C -S -C H 3)
1.44 (d, 11.00, 6H, P -0 -C H -C H 3 )
1.26 (s , 120H, -C H 2- )
1.00 (m , 12H, -CH 3 )
0 .90  (s , 9H, (CH3 )3C)
0.11 (s , 6H, Si(CH3 )2 ), F ig u re  10.
S tability  : The com pound was found to be stab le  by  TLC a t -20  fo r  at le a s t
7 m onths.
S im ilarly :
l ,  3 -b isf  aceto iny l-Q  2 '-d ip a lm ito y l-sn -g ly c e ro )-3 '-p h o sp h o ry l | g ly c e ro l
2 -t-b u ty ld im e th y lsily l e th e r , CLXIII, (R = Y = TBDMS)
w as p rep a red  on a 5. 35 m m ol sc a le  in 30% yield (2. 604 g ) along w ith: 
b is-P A , CLXXVIII (R = C 15H31> M = Na) 800 mg 
rec o v e red  d isg ly ce rid e s  828 mg.
m .  p. (hot s t a g e ) : 29 -  30°C.
TLC  : s il ic a  gel H (M erck ) E ^ O /h e x a n e s  3*4 R p  0. 27
s ilica  gel N (M acherey-N agel) E to0 /h e x a n e s  3/1 R 0. 24Z r
No d ia s te re o iso m e rs  w ere  detected .
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[or] +1 .48° (c, 5. 4) d ry  CHClg.
Md  +23. 9°.
Found (BMAC) : C 64 .35 ,-W  10.46, P 3 .45 , Si 1.15%
C87H l6 8 °1 9 P2Si (MW = 1608,25) reclu ire s
C 64 .97 , H 10.53, P 3 .8 5 , Si 1.74%.
IR (dry C H C l.) (qualita tively ) s im i la r  to CLXIII (R = C _ H „ , Y = TBDMS).3 1 /  j o
NMR : a )  P (CDClg, 85% HgP 0 4 ex te rn a l standard)
i) b road band decoupling  : 4 -1 .5 9  ppm, doublet, J = 11.00 Hz.
ii) not decoupled : 6 -1 .7 3  ppm, broad s in g le t.
b ) 1H (CDClg, TMS) (q u alita tiv e ly ) s im ila r  to CLXIII (R = C ^H ^ ,., Y = TBDMS)
F igu re  11.
S tability : stab le  by TLC a t -20° fo r  at le a s t 7 m onths.
1, 3 -b is - | a c e to in y l-d ',  2 ’-d im y ris to v l-sn -g ly c e ro )-3 '-p h o sp h o rv H  g lycero l 
2 -t-bu ty ld im ethy lsily l e th e r , CLXIII (R = C ^ H ^ ,  Y = TBDMS) 
w as p rep a red  on a 2. 52 m m ol s c a le  in 37% yield (1. 396 g) along with 
b is-PA , CLXXVIII (R = C 1 3 H27, M = Na) : 342 mg 
reco v ered  d ig ly c erid e s  : 305 mg.
TLC : s il ic a  gel H (M erck); E ^ O /h e x a n e s  3/1 Rp  0 .26 .
No d ia s te re o iso m e rs  detec ted .
22
Oil, n ^  1.4582.
[» ] +1 .34° (c, 6. 7) d ry  CHClg.
Md  +20. 0°.
Found (BMAC) : C 63. 65, H 9. 92, P 4. 38, Si 1. 79%.
C? 9H1520 19P2Si (MW 1496. 03) re q u ire s
C 63. 42, H 10 .24, P 4 .14 , Si 1.87%.
IR (dry CHCl^) (qualita tively ) s im i la r  to CLXIII (R = C ^ H ^ ,  Y = TBDMS).
NMR : a )  31P (CDClg, 85% HgPO^ ex te rn a l standard)
i) broad band decoupling 6 -1 .61  doublet J = 14. 2 Hz. 
i i )  not decoupled 4 -1 .4 9  broad sing let,
b ) ^  (CDClg, TMS) (qualita tive ly ) s im ila r  to CLXIII (R = C ^ H ^ .
— Y = TBDMS). F igure 12.
S tability  : Stable by TLC a t -20° fo r  a t least- 8 m onths.
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8-B-2 STUDIES ON STEPWISE PHOSPHORYLATIONS
A . P reparations
1 , 2-d is te a ro y l-sn -g ly c e ro I  3 -(ace to inened io lcyclophosphate). CLIX (R = C 17H35) 
E xperim ent under A r.
172 m g (0. 61 m m ol) CEPOCEP w ere  d isso lved  in  1 . 0 m l  d ry  CH2C12 and
cooled to 0°C. 83 mg (0. 67 m m ol) n icotinam ide w as added and the heterogeneous
sy stem  w as s t i r re d  at 0°C fo r 15 m in . A solution of 379 mg (0. 61 m m ol) 1. 2-
d i s te a ro y l-  sn -g ly ce ro l in 10 ml d r y  CH2C 12 w as added and the sy stem  w as s ti r re d
a t  0°C fo r 1 h and at 20°C fo r 1 .5  h, a f te r  which period  it w as filte red  and
evapo rated . D rying in vacuo a ffo rded  a white solid  0. 477 g (103%).
Found (G albraith ) : C 65. 77, H 10. 41.
C ,„ H0 .° „ P  (MW = 757. 05) r e q u ir e s  4c5 o 1 o
C 68 .22, H 10. 78, P 4.09%.
31NMR : a )  P : not possib le .
b) 1H (CDClg, TMS) 6 :
5. 20 (m, 1H, RCOOCH)
4. 23 (m, 4H, RCOOCH2 and P -O -C H j)
2. 28 (m, 4H, -C H 2 COO-)
1.92 (s, 6H, CH_3 “C=C-CH3 )
1.24 (s, 60H, -C H 2 -)
0. 90 (m, 6H, -C H 3 ).
A ttem pts to c ry s ta lliz e  the p ro d u c t w ere unsuccessfu l.
S im ilarly :
1 .2 -  d ip a lm ito y l-sn -g ly cero l 3 -(aceto inened io lcyclophosphate), CLDC (R = C ^ H .^ ) 
w as p rep a red  in ca. 100% yield (white solid m ass).
NMR (CDC13, TMS) : q u a lita tiv e ly  s im ila r  to CLIX (R = C ^ H ^ ) .
A ttem pts to  c ry s ta lliz e  th is p ro d u c t w ere  unsuccessfu l.
1 .2 - d im y ris to y l-sn -g ly ce ro l 3 -(aceto inened io lcyclophosphate), CLIX (R = C ^ H ^ )  
w as p repared  by an analogous m a n n er in 92% yield . T he w hite waxy m a ss  could 
not be re c ry s ta lliz e d .
NMR (CDC13, TMS) q ualita tive ly  s im ila r  to CLIX (R = C 17H35 ).
188
N
O
TE
S
N
o 
C
U
X
 p
re
se
nt
 b
y 
N
M
R
.
T
ra
ce
s 
of
 C
U
X
 p
re
se
nt
 b
y 
N
M
R
.
Su
sp
en
si
on
 g
iv
es
 r
is
e 
to
 o
pa
le
sc
en
t 
so
lu
tio
n 
af
te
r 
ca
. 
12
 h
 r
ea
ct
io
n.
Su
sp
en
si
on
. 
N
o 
C
U
X
 p
re
se
nt
 b
y 
N
M
R
.
N
M
R
 s
ho
w
ed
 t
ha
t 
C
U
X
 h
as
 r
ea
ct
ed
 i
n 
ca
. 
4 
h.
 
N
o 
fu
xa
ie
r 
pr
og
re
ss
.
20
%
 C
L
X
II
l 
is
ol
at
ed
 b
y 
co
lu
m
n 
c h
ro
m
at
og
ra
ph
y.
N
o 
ch
an
ge
 i
n 
pr
od
uc
t 
di
st
ri
bu
ti
on
 w
as
 s
ee
n 
af
te
r 
5 
h 
re
ac
ti
on
 b
y 
T
L
C
. 
29
%
 C
LX
II
l 
is
ol
at
ed
 b
y 
co
lu
m
n 
ch
ro
m
at
og
ra
ph
y.
1 
N
o 
ch
an
ge
 a
ft
er
 8
 h
 r
ea
ct
io
n 
by
 T
L
C
.
30
%
 C
L
X
II
I 
is
ol
at
ed
 b
y 
co
lu
m
n 
ch
ro
m
at
og
ra
ph
y.
N
o 
ch
an
ge
 a
ft
er
 2
 h
 r
ea
ct
io
n 
by
 T
L
C
. 
34
%
 
C
L
X
II
l 
is
ol
at
ed
 b
y 
co
lu
m
n 
ch
ro
m
at
og
ra
ph
y.
N
o 
ch
an
ge
 a
ft
er
 2
 h
 r
ea
ct
io
n 
by
 T
L
C
. 
2b
%
 
C
L
X
II
I 
Is
ol
at
ed
 b
y 
co
lu
m
n 
ch
ro
m
at
og
ra
ph
y.
P
ro
du
ct
 D
is
tr
ib
ut
io
n.
 
A
pp
ro
xi
m
at
e 
P
er
ce
nt
ag
e 
by
 V
is
ua
l 
E
st
im
at
io
n 
of
 C
ha
rr
ed
 C
hr
om
at
op
la
te
s 
(s
il
ic
a 
ge
l 
H
. 
E
t 
O
/h
ex
an
es
 3
/1
)
1  »  
3 1  ®  
T  «■
> .  OC
0 «*- 0 0 0 0
a
8
£
a
0 0 0 0 o
►* 4 .  OO
M ' S  • «
Ï Î  °
c o  5  U . 
j  oC
m
1
N
«
«>
0
B
0
i n
0  
»n
1 0 m O
CO
•
CM
m « 0
CM CM
0
i  V  r . 
CM 0  j r  
J  *
IO
N
S
é
1 0
«
m
CO
•n 1 0
m
CM
A
CM
r*»
i ñ
O 0
* 0 IO
>  9
3  °u . 
u  «
§
3
A
n
O
CM
m
s
•
• 0
0
CM a
g
A
CM
g
A
CM
g
i ñ
CM
g
» 0
CM
0
CM
o
CM
a  S
3  ®
5
g
m
A
g
à
g
s
Oco•
a
a
à
1«
CM
l / )
CM
g
l / i
CM
4
I / Ì
CM
A
CM
Oco
1
a
o
CO
•f)
CM
U
nk
no
w
n
R
pO
.O
O
g
3
è
0
M
è
g
$
s
4
3
4
g
4
S
4
9
4
3
4
g
4
g
3
i
1
s
1
OC
1 -
•O
« « « a s
N a 0 0 O ' %f)M* a
M*
T
em
p.
°
c
$ » » a a a a a a a O a
1 8  
“ I f
1 *
•
1
3
E
&
• • • •
py
ri
di
ne
, 
1.
31 8
2 co
t ü
s
CO
Z *
CO
u?
8
CM
z ‘co
U
8
g
2
CO
U
8
g
z
J O
W
1
«
•
21
2
B
£
8
i
8
c o
8
u
CM
ü
CM
X
u
CM
U
CM
X
u
CM
G
CM
5
CM
H .
X
u
CM
H .X
u
CM
H .X
u
CM
G
CM
X
u
C
LI
X
M
ol
ar
ity
. 
M
•
CM
c o
Ó
8
d
a
d
I
0
g
d Q
§
d
§
d
8
CM
d
3
d
g
d
?  X
S  9
a  «
1
»
*  1  
u  g
:  ü "
-
S
t
»
*
op
ti
ca
ll
y
pu
re
CM
CM
2
o ’  5
¿  i • i
M
U£2LMlfiILMlkiff£tfL
189
B. The Reaction: 2 CLIX +  LII
Using rac em ic  o r  op tically  pure  d ig ly cerid es , v a rio u s  CLIX com pounds 
w ere  p rep a red  with n ico tinam ide a s  base  (see above): The iso m e ric  pu rity  of 
v ario u s CLIX so p rep a re d  is questionable (see d isc u ss io n  section). D ifferent 
conditions w ere  te s ted  to investiga te  th is  coupling re a c tio n . T hus,
1) An NMR experim en t in  CDClg (25°C, 0 .22  M on C E P O -d ig lyceride) showed 
tha t in  2 h a ll ra c e m ic  C E P O -diglyceride (rac . CLIX ,R = C ^ H ^ ) h a d  rea c te d  and 
no fu rth e r  p ro g re s s  w as se en  fo r  th is uncatalysed coupling  du ring  the subsequent 
13 h reac tio n  p erio d . TLC  an a ly s is  (s ilic a  gel H + 0. 4 M H^BO^; E t20 /h e x a n e s
3 /1 )  revealed  the p re se n c e  of 
1 , 3 -d ig lyceride at R 0 . 56 in ca . 10% yield F
1 , 2 -d ig lyceride 0 .5 0 10%
raç . CLXVI (R = C ^ H ^ ) 0 .4 4 20%
ra c . CLXIII (R = C 15H31. Y = TBDMS) 0 . 22 20%
unidentified p ro d u ct(s) 0 .0 0 40%.
2) V arious conditions w e re  te sted  in o rd e r  to in c re a s e  the y ield of the d es ire d  
p roduct CLXII1 and th ese  a r e  sum m arized  in Table XIX.
3) E xperim en ts w ere  c a r r ie d  out using CLIX (R = anc* e x c ess  of E t^N
"c a ta ly s t"  and th ese  r e s u l ts  a r e  sum m arized  in T a b le  XIX.
C. The R eaction CLIX + Me^CHChLOH
Using ra c e m ic  CLIX (R = C ^H .^,.) th is coup ling  reac tio n  in C P^C l^, 43 h, 
20°C, gave by TLC a n a ly s is  (s ilic a  ge l H, E ^ O /h e x a n e s  3 /1 ) p roduct d is trib u tio n  
a s  shown in T able XX:
TABLE XX THE REACTION : CLIX + Me2CHCH2OH. PRODUCT DISTRIBUTION
product
r f
app rox im ate  %
1, 3 -d ig lyceride 0. 60 10-15
1 , 2 -d ig lyceride 0 .52 7-10
ra ç .  CLXVI (R = C ^ H ^ ) 0 .45 10-15
product, CXVII (R = 1, 2 -d ig lycery l, R 1 = -CH 2C H M e2 0. 33 50-60
unknown products 0. 00 20-30
. < 21 in ii il  in  m m  w&w 121, hjuu »• •
D. C on tro l E xperim en ts
Incubation of p u re  1 , 2 -d ia c y l-sn -g ly c e ro ls  w ith CEP-OH, CXXXIII, in 
CH2C12 and subsequent a n a ly s is  by TLC rev ea led  tha t 1 ,2  * 1 ,  3 iso m eriza tio n  
had o c c u rre d  a lm o st in stan taneously . Incubation of pure  1, 2 -d ia c y l-sn -g ly c e ro ls  
w ith CEP-OH in the p re se n ce  of e x c ess  p y rid ine , w as followed by TLC an a ly s is . 
In th is  ca se  only 1 ,2 -d ig ly c erid e  w as p re se n t.
8-B -3  STUDIES ON ONE-FLASK DOUBLE PHOSPHORYLATION
A. D ig lyceride + CEPOCEP -» [ CLIX] -» P roducts (see Schem e XXVII)
1 ) Base: N icotinam ide (ex p e rim en ts  done w ith  rac em ic  d ig ly c e rid e s)  
i)  so lvent : CH2C12 a t 20°, 45° and 60°C.
U sing n ico tinam ide a s  b ase  and c a r ry in g  the re a c tio n  out in one flask , 
the sy s tem  w as h eterogeneous and alw ays 1 ,3 -d ig ly cerid e  w as seen on TLC .
T L C  and colum n ch rom atog raphy  could not d istingu ish  any iso m eric  DPG, if form ed, 
such as  CXXXI:
RCOO
RCOO
O. OAcn ^ /
- O - P - O t-OCOR CXXXI
- OTBDMS hOCOR 
*-o - p  -  O
O OAcn
in a l l  c a se s  te s te d  in  w hich the  s ta r t in g  d ig ly cerid e  w as contam inated  by sm a ll
am oun ts  of 1 ,3 - is o m e r , e .g .  1, 2 -d ip a lm ito y l-ra c -g ly c e ro l had ca. 1 - 2%
1, 3 -d ipalm itoy l g ly c e ro l and 1, 2 -d im y r is to y l-ra c -g ly c e ro l had ca. 2 - 5% 1, 3-
d im y ris to y l g ly cero l by v ir tu e  of th e ir  sy n th e s is  (rem oval of g, s, g -tr ich lo ro e th y l
ca rb o n a te  p ro tec ting  group  by Zn°, see  C h ap te r 6, T ab le XI).
ii)  The sam e re s u lts  w ere  obtained w ith benzene a t 50°C, CC1. a t 50°C4
and 1 ,2 -d ich lo roe thane  at 65 C.
2) Base: T rie th y lam in e  (experim en ts  done w ith 1 ,2 -d ia c y l-sn -d ig ly c e rid e s )  
Solvent : CH2C12 in a ll c a se s .
No 1, 3 -d ig ly cerid e  w as seen  using  Et^N fo r  the f i r s t  phosphorylation  step
D. C ontrol E xperim en ts
Incubation of pu re  1 ,2 -d ia c y l-sn -g ly c e ro ls  w ith CEP-OH, CXXXI1I, in 
and subsequen t a n a ly s is  by TLC  rev e a le d  th a t 1 ,2  s*1,3 iso m e r iz a tio n  
had o c c u rre d  a lm o st in stan tan eo u sly . Incubation of p u re  1 ,2 -d ia c y l- s n -g ly c e ro ls  
with CEP-OH in the p re se n c e  of e x c e s s  p y rid ine , w as followed by TLC a n a ly s is .
In th is  ca se  only  1, 2 -d ig ly c erid e  w as p re se n t.
8-13-3 STUDIES ON ONE-FLASK DOUBLE PHOSPHORYLATION
A. D ig ly cerid e  + CEPOCEP -> [ CLIX] -> P roducts (see Schem e XXVIII)
1) Base: N ico tinam ide (ex p e rim en ts  done w ith ra c e m ic  d ig ly c e rid e s)  
i) so lv en t : CH2C12 a t  20°, 45° and 60°C.
U sing n ico tinam ide a s  b ase  and c a r ry in g  the rea c tio n  out in one f la sk , 
the sy stem  w a s  h e terogeneous and alw ays 1 ,3 -d ig ly c e r id e  w as seen  on T L C .
TLC and co lum n chrom atog raphy  could not d is tin g u ish  any iso m e ric  DPG, if  fo rm ed , 
such a s  CXXXI:
RCOO-i
RCOO"
O. OAcn . 'i' >h O - P - O
rOTBDM S
rO C O R
hOCOR
CXXXI
o -p - oJ
c /^JA cn
in a ll c a s e s  te s ted  in  w hich the s ta r t in g  d ig ly cerid e  w as contam inated  by sm a ll
am ounts of 1 ,3 - is o m e r , e .g .  1 ,2 -d ip a lm ito y l- ra c -g ly c e ro l had ca . 1 -  2%
1 ,3 -d ipa lm itoy l g ly cero l and 1 ,2 -d im v r is to v l-ra c -g ly c e ro l had ca . 2 - 5% 1, 3-
d im y ris to y l g ly c e ro l by v ir tu e  of th e ir  sy n th e s is  (rem oval of g, b . g - tr ic h lo ro e th y l
ca rbonate  p ro tec tin g  g roup  by Z n°, see  C h ap te r 6, T ab le XI).
ii)  T h e  sam e re s u l t s  w ere  obtained w ith benzene a t 50°C , CC1, a t  50°C4
and 1 ,2 -d ich lo ro e th an e  a t 65 C.
2) Base: T rie th y lam in e  (ex p e rim en ts  done w ith  1 , 2 -d ia c y l-sn -d ig ly c e r id e s )  
Solvent : CH2C12 in  a ll c a s e s .
No 1 ,3 -d ig ly c crid e  w as seen  using  E t N fo r  the f i r s t  phospho ry la tion  step
pirnr* r ilEIMu»
(1 equ ivalen t E ^ N  p e r  CEPOCEP). No d if fe re n c e s  in y ie ld s  w ere  a lso  seen
conducting  a ca ta ly sed  coupling (second phosphory la tion  s tep ) w ith v a rio u s  am ounts
of c a ta ly s t o r  prolonging the re a c tio n  tim e a s  show n in T ab le  XXI.
T1]1, p  x x , ONE-FLASK DOUBLE PHOSPHORYLATION. E F F E C T  OF E ^ N  
TABLE C a t a l y s t  o n  c l X1U YIELD
te m p e ra tu re
°C
tim e
h
E t3 N ca ta ly st, 
m o les  p e r  CLIX CLX11I iso la ted , %
25 16 1.5 34
25 6 1.5 35
25 2 1. 5 30-37  see  pg. 179ff.
With E t3N a s  b a se . C I^ C l solvent, a t 20°C /2  h. and vary ing  the am ount of L1I 
(Y = TBDMS) th e  re s u lts  dep icted  in  T able XXII w e re  obtained. Note th a t 
CEPOCEP : d ig ly c e rid c  = 2 : 2  m o le s  : m oles.
B. V aria tio n  in  the Phosphorvlntio11 O rd e r
1) P hosphory lation  of LII (Y = TBDMS) by C EP-O C EP in C ll2C.i2 in the  p resen ce  
of y -c o llid in e  follow ed by addition  of 1 . 2 -d ip a lm ito y l- ra c -g ly c e ro l gave the 
follow ing r e s u l t s  on TLC (s ilic a  g e l H; E t20 /h e x a n e s  1 /1).
1 . 3 -d ig ly cerid e R _  0. 39 in F ç a . 20% yield
1> 2-d ig lyceride 0. 33 40%
E£S- CLXVI(R = C 15H31) 0. 23 15%
U I  (Y = TBDMS) 0. 13 5-10%
S S *  CLXIII(R = C 151I31. Y = TBDMS) 0. 07 15%.
5 .5%  r a c . CLXII1 w as iso la ted  by colum n ch ro m a to g rap h y .
2) M ixing 1. 2 -d im y r is to y l- r a c -g ly c e ro l  . LII (Y = TBDMS) and CEPOCLP in 
p y rid in e , a t  20°, and leaving the sy s te m  fo r 9 d a y s  gave a  p roduct d is tr ib u tio n  
a s  follow s(by TL C ):
1 . 2 -d ig ly cerid e  ~  2/11
rac. CLXVI (R = C ^ H ^ )  ~  60%
rac. CLXI1I (R = C ^3U27’ Y- = TBDMS) ~  5-10%.
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8-B -4  ISOLATION OF BY-PRODUCTS
1) b is (1 ,2 -d is te a ro y l- ra c -g ly c e ry l)  aceto iny l phosphate, CLXV1 (R = C^^H^ ) 
w a s  iso la ted  by two colum n ch ro m a to g rap h ie s  on s il ic a g e l (M erck), in >95% 
p u r ity  by TLC , the im purity  being 1, 2-d is te a ro y l- ra c -g ly c e ro l .
m . p. (cap illa ry ; u n c o r re c te d ) :  47 - 49°C.
Found (G alb raith ) : C 71 .08 , H 11.35, P 2.22% . C82H1570 13 P <MW 1380.04) 
re q u ire s  C 71. 21, H 11.46, P 2 . 24%.
IR <CH2C12 ) : 2920 (s), 2850 (s), 1735 (s), 1460 (m ), 1375 (w), 1360 (w), 1280 (m), 
1160 (m), 1105 (m), 1040 (m), 1010 (m), 908 (s), 650 (w).
NMR (CDC13> TMS) : 5. 21 (m, 2H, RCOOCH)
4 .7 5  (m, 1H, P-O -C H )
4. 20 (m, 8H, R C 00C H 2andC H 20 -P )
2. 32 (m, 8H, RCH2COO)
2 . . 7 ( „ .  3H,
1.48 (d, 8 .00 , 3H, P -O -C -C H g)
1.21 (s, 120H, -C H 2- )
0. 85 (m, 12H, -CH 3 ).
2 ) b is -(1 , 2 -d im y r is to y l-ra c -g ly c e ry l)  aceto iny l phosphate, CLXVI (R = C H, )
" ^ 1O Z/
w a s  iso la ted  a s  a w hite sticky  solid , p u rity  ~95%, m .p . 36 - 39 C, the im purity  
b e in g  1, 2-d im y r is to v I- ra c -g lv c e ro l .
IR (CH2C12 ) : qualita tive ly  s im ila r  to CLXVI (R = C ^ H .^ ) .
NMR (CDClg, TMS) : q ualita tive ly  s im ila r  to  CLXVI (R = C ^ H .^ ) .
3 ) O ther b y -p ro d u c ts  a t R 0 .0 0  (E t.O /h e x an e s  3 /l)w e re  d ifficu lt to iso la te  inr* 2
p u r e  form  and no in fo rm ation  is availab le about th e ir  num ber and s tru c tu re s .
8 -B -5  ISOLATION AND PURIFICATION O F b is-P A s, CLXXV111 (Schem e XXIX)
b is - (1 ,  2 -d is te a ro y l-sn -g ly c e ry l)  phosphate sodium  sa lt, CLXXV1H (R = c „  H,
—  — 17 35
M = Na)
The crude  CLXVI (R = C ^ H ^ ,.), 4 . 5 g, con tain ing  d ig ly cerid es , w as 
d is s o lv e d  in  110 m l pyrid ine  and 110 m l H jO  was added to  give a gel. 5 m l Et^N
w as then added and the sy stem  w as s t i r r e d  fo r 4 h a t  RT w ith fre q u en t w arm ing  
(hot a i r  fan). Most of the  H20  and pyrid ine was rem oved  by add ition  of benzene 
and azeo trop ic  d is t illa tio n  (30°/10  m m ) followed by d ry ing  in vacuo to give a solid  
m ass which was ch rom atographed  on s il ic a  gel (M erck, e x tra  p u re , cat. 7754) 
using solvents: a )  E t20  200 m l
b) CHC13 50 m l
c )  C H C l./M eO H  85/15 600 m l.
E t20  and CHCl^ e lu ted  the d ig ly c erid e s  and tr a c e s  of CLXXVIII (R = C ^ H ^ ) * ,
while C /M  85/15 e lu ted  the CLXXVIII (R = C .yH gg) (1. 78 g )  pu re  by TLC:
s ilic a  g e l  N, C H C l^/acetone 24/1 R p  = 0. 00
s ilic a  g e l N, CHC1 /M eOH 8/1 R = 0 .63 .o r  +
The CLXXVIII (R = C _H )w a s  converted  into its  Na s a l t  as  follow s:
17 35
l .  0 g  of the com pound w as d isso lved  in  CHClg/MeOH 2/1 (45 m l) and 12 m l 4 M
NaCl w as added to g ive  CHC1 /M eO H /H  O = 2 : 1 : 0 .  75**. The h e terogeneous
3 2
system  w as s t i r r e d  a t RT fo r 10 m in and the se p ara te d  upper p h ase  was rem oved .
The low er phase w as tre a te d  w ith  C H C l„/M eO H /4 M NaCl 3 /4 8 /4 7  v /v  (2 x 15 m l),
each tim e rem oving th e  upper p h ase . F inally , the  low er phase w as  w ashed with
MeOH/H20  1/1 (15 m l) . The low er phase was then  sep ara ted , ev ap o ra ted , f re e z e -
d ried , and then dried in  vacuo o v er P2C>5 fo r  2 -  3 days, to  afford  936 m g of
CLXXVIII (R = C H M = Na), pu re  by TLC (a s  above).
1 / 3 5  Ml  121
Found (CHN) : C 68 .90 , H 11 .1 9%l J , duplicate  : C 69 .36 , H 11.37%L 1
P 2.31% . f 31
(G a lb ra ith ) :C  69 .56 , H 11 .24, P 2 . 52 , N a l .6 1 ,  H20  (K arl F isc h e r)  1.19%  .
C 78H150°12PNa = 1333.94) re q u ire s
C 70 .23 , H 11.33, P 2 . 32, Na 1.72%.
C78H 150°12PNa ' 1H2°  <m w  = 1351- 96> re q u ire s
C 69 .29, H 11.33, P 2 . 29, Na 1.70%.
m .  p. (ca p illa ry ): 67 -  69°C.
[cr] p9 +  3. 25° (c, 4. 00) d ry  C H C ^. *23
* If E t20  and CHC1 elu te  CLXVI, it can  b? recycled .
** With these so lven t p ropo rtions th is  p ro ce d u re  gave w a te r - c le a r  phases and 
sh a rp  in te rface .
[ 1 ] Open platinum  boat technique.
[2 ] Encapsulated  in  alum inium . Q
[3] Sample d ried  by the an a ly st fo r  24 h a t 20 / 0 . 1 m m  p r io r  to  a n a ly s is .
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w as then added and the sy stem  w as s t i r r e d  fo r  4 h a t  RT w ith f re q u e n t w arm ing 
(hot a i r  fan). Most of the and pyrid ine w as rem oved  by add ition  of benzene 
and azeo trop ic  d is tilla tio n  (3 0 °/1 0  m m ) followed by dry ing  in vacuo  to give a solid 
m ass which w as ch rom atographed  on s il ic a  ge l (M erck, e x tra  p u re , ca t. 7754) 
using solven ts: a )  E t20  200 ml
b) CHC13 50 m l
c )  CHClg/M eOH 85/15 600 m l.
E t20  and CHClg elu ted  the d ig ly c erid e s  and t r a c e s  of CLXXVIII (R = C ^ H ^ ) * ,  
while C /M  85/15 elu ted  the CLXXVIII (R = C ^ H ^ )  (1. 78 g ) p u re  by TLC:
s il ic a  gel N, C H C L /ace tone  24/1 R = 0. 00
o  Jr
s i l ic a  gel N, C H C l./M eO H  8/1  R „  = 0. 63.3 r  +
The CLXXVIII (R = C ^ ^ H ^ w a s  converted  into its  Na s a l t  a s  follows:
l .  0 g of the com pound w as d isso lved  in CHCl^/M eOH 2/1 (45 m l)  and 12 ml 4 M 
NaCl w as added to  give CHCI3 /M e0 H /H 20  = 2 : 1 : 0 .  75**. T he heterogeneous 
sy stem  w as s t i r r e d  at RT fo r  10 min and the se p ara te d  upper p h ase  was rem oved.
The low er phase w as tre a te d  w ith CHC lg/M eOH /4 M NaCl 3 /4 8 /4 7  v /v  (2 x 15 ml), 
each tim e rem oving  the up p er phase. F inally , the low er phase  w as washed with 
MeOH/H20  1/1 (15 m l). The low er phase w as then sep ara ted , evapo ra ted , f re e z e - 
d ried , and then d r ie d  in vacuo over P20,. *o r  ^ • 3 days, to  a ffo rd  936 mg of
CLXXVIII (R = C H M = Na), pure by TLC (as above).
17  f 11 121Found (CHN) : C 68. 90, H 1 1 .19%l J , duplicate : C 69. 36, H 11 .37%l '
P 2.31% .
(G a lb ra ith )  :C  69 .56 , H 11.24, P 2 .5 2 ,  N a l .6 1 ,  H20  (K a rl F isc h e r)  1.19%^1 23  31
C 78H150°12PNa ^MW = 1333‘ 94 ) retF*ir e s
C 70 .23 , H 11.33, P 2. 32, N a l.7 2 % .
C7gH150O12PNa • 1H20  (MW = 1351.96) re q u ire s
C 69. 29, H 11.33, P 2. 29, N a l.7 0 % .
m .  p. (ca p illa ry ): 67 - 69°C .
[a ]  p9 + 3. 25° (c, 4. 00) d ry  CHClg.
* If E tjO  and CHC13 e lu te  CLXVI, i t  can be recy cled .
** With these  solvent p ropo rtions th is  p ro ced u re  gave w a te r - c le a r  phases and 
sh a rp  in te rfa c e . .— »■»
[1] Open p latinum  boat technique.
[2 ] E ncapsu la ted  in alum inium .
[3 ] Sam ple d ried  by the an a ly s t fo r  24 h a t 20 / 0 . 1 m m  p r io r  to  an a ly sis .
1110 (m), 1070 (m). F igure 13.
NMR : a) 31P (CDClg, 85% H3 p o 4 ex tern a l s ta n d a rd ) 6 40 .36  ppm . 
b) 1H (CDC1 , TMS) : 5 .23  (m, 2H, RCOOCH)
3
4 .1 0  (m, 8H, RCOOCH2 and CH2OP)
2.25 (m, 8H, RCH2COO-)
1.24 (s, 120H, -C H 2-)
0. 86 (m, 12H, -CH g). F igure  14.
S im ilarly :
b is (1 , 2 -d ip a lm ito y l-sn -g ly cery I) phosphate sodium  sa lt, CLXXVIII (R = C ^ H ^ ,
M = Na).
Found (CHN) : C 67 .13, H 1 1 .0 2 % ^  , dup licate  C 67. 93, H 1 1 . 0 6 % ^ ’
P 2. 42%.
(B ernhard t): C 67. 77, H 10.50, P 3 . 25, NaO. 80%.
(G alb raith ) : C 68.14, H 11. 16, P 2 .6 8 , Na 1.43, H20  (K arl F isc h e r)  2 . 2 2 ^ 3]
C 70H134°12PNa (MW 1221>73) reclu ire s
C 68.81, H 11.05, P 2 .5 3 , Na 1.88%.
C™ H4 0 . 0 <oPNa • 1H00  (MW 1239. 75) r e q u ir e s  70 134 12 2
C 67 .81, H 11.06, P 2 .5 0 , Na 1.85%. 
m .p . (ca p illa ry )  : 54 -  56°C.
[or] p9 +3. 5 0° (c, 4. 0) d ry  CHClg.
Md  443. 4 °  (on MW 1239. 75).
IR (CHC1.) : qualita tive ly  s im ila r  to  CLXXVIII (R = C H , M = Na).3 i / o o
NMR : a )  ’ p (CDCL, 85% H.PO ex te rn a l s ta n d ard ) 8 -0 . 24 ppm.
. 3 3 4
b) ’ h  (CDClg, TMS) : qualita tive ly  s im ila r  to  CLXXVIII (R = C ^ H ^ ,  M = Na).
b is-(1 , 2 -d im y r is to y l-sn -g ly c e ry l)  phosphate sodium  sa lt, CLXXVIII (R = C ^ H ^ ,
M = Na)
Found (CHN) : C 66.55 , H 10. 75%^1  ^ , dup licate C 66 . 39, H 10. 71%[ 21 .
P 2. 46%.
in. ^ n v j i y  .
See Footnotes [1] , [2] and [3] on page 194.
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Found (G albraith ) : C 66 .38 , H 10.69, P 2 .8 7 , Na 1.37%.
C ,„H . . 0° . 0pNa (MW 1109.52) re q u ire s
OZ 118 u
C 67 .11 , H 10.72, P 2 . 79, Na 2. 07%.
C ,„ H . .o0 ._P N a • 1H_0 (MW 1127. 54) r e q u ire s  
6 2  118 12  Z
C 66. 04, H 10. 73, P 2. 74, Na 2. 04%.
m .p . (cap illa ry ) : 45 - 47°C .
[or] ^  + 3 .90° (c. 4. 0) d ry  CHC1-.
D J
Md  +43. 97° (on MW 1127.54).
IR (CHClg) : q u a lita tiv e ly  s im ila r  to  CLXXVIII (R = M = Na).
NMR : a )  31P (CDClgi 85% H3P 0 4 ex te rn a l s tan d ard ) 4 0. 00 ppm.
b) (CDClg, TMS) : qualita tive ly  s im ila r  to CLXXVIII (R = C ^ H ^ ,  M = Na).
8-B-6  PREPARATION OF DPGs, CLXXIX (Schem e XXX)
b is-am m onium  s a l t  of 1 , 3 - b is - [ ( 1 ',  2 '-d is te a ro y l -sn -g ly c e ro )-3 '-p h o sp h o ry ll
g lycero l, CLXXIX (R = C ^ H ^ ,  M = NH4 )
774 mg (0 .4 5  m m ol) CLXIII (R = C 17H3g, Y = TBDMS) w ere  d isso lved  in
6. 8 ml pyrid ine and 6 . 8 m l w a te r  w as added. P rec ip ita tio n  took p lace . 0. 25 ml
(1 .8  m m ol) E t„N  w as added and the system  w as s t i r r e d  a t 20 - 25°C fo r  2 .5  h. A fter 
o
ca. 0 . 5 h a ge l w as form ed and th is  w as occas ionally  m elted  by blowing w arm  a i r .  
TLC (s ilic a  gel, E t20 )  showed no s ta r tin g  m a te r ia l p re se n t. W ater and m ost 
of pyrid ine w ere  rem oved  by azeo tro p ic  d is tilla tio n  w ith benzene a t 2 0 ° /1 0  m m , 
and the se m i-so lid  re s id u e  w as d ried  in vacuo fo r  5 - 8  days in o rd e r  to  rem ove 
pyrid ine . The re su lte d  w hite so lid  weighed 807 mg (101%). TLC (s ilic a  gel N) :
a )  E t.O  : showed no d ig ly cerid e  p re se n t (R_. 0. 67) and no s ta rtin g  m a te ria l2 r  >•
R 0. 35. P roduc t had R 0. 00.r  r
b) C H C L /ace to n e  24/1 : showed no d ig ly cerid e  p re se n t (R_. 0 .50); p roduct had
3 r
R _  0 .0 0 .F
c) C H C l_/M eO H /c. NH„ 6 5 /2 5 /5  : showed the  expected  product, CLXX, (R =
*3 *5
C, ^H__,  Y = TBDMS) a t R c  0 .7 8  and ca . 5% CLXXIX (R = C 4,H „ .)  R „  0. 47.
393 mg (0. 22 m m o l) of the above product w e re  d isso lved  in 60 m l CHClg, 120 ml 
MeOH and 4 1 .5  w ere  added with s t i r r in g  to  give a hom ogeneous c le a r  
solution. Then 550 ^1 1 N HC1 w as added and the solution w as s t i r re d  a t 25°C fo r 
5 h. TLC (m ic ro s lid e s , s il ic a  gel N; C /M /c . NH3 6 5 /2 5 /5 )  then showed tra c e s
o r  no s ta rtin g  m a te ria l p resen t. 2 m l 10% aqueous NH^ w ere  added and the 
solvent p roportions w ere  adjusted to  give CHClg/M eOH/H^O 2 : 1 : 0. 75 v /v .
The sep ara ted  c le a r  phases w ere  evaporated  ind ividually  and d ried . The low er 
phase gave 297 mg (expected 330 m g) and the upper phase  y ielded 88 mg (expected 
29 mg NH^Cl). The d is trib u tio n  of p roducts is  shown in T able XXIII. The solid 
from  the upper phase w as suspended in CHCl^ and f il te re d  through cotton wool to 
rem ove inorgan ics. The f iltra te  w as combined with the so lid  from  the low er phase 
and the resu ltin g  solution was app lied  as  CHCl^/M eOH 2/1 (30 m l) onto a 15 g 
D EA E-cellu lose column (2 .5  x 2 2 .5  cm ; i .d  x height) in the ace ta te  fo rm  which 
has been prew ashed with:
a )  200 m l MeOH
b) 200 m l MeOH/CHClg 1/1
c)  200 m l CHClg.
Elution w as c a rrie d  out a s  follows:
i)  c h c i3
ii)  CHC13 /A cOH/AcONH4 3 /1 /5  mM
iii)  " " 3 /1 /1 0  mM
iv) " " 3 /1 /2 5  mM
v) " " 3 /1 /5 0  mM
and the colum n w as w ashed with:
1) CHCl3 /M eO H /c. NH3 /A cONH4 4 /1 /20  j^ /5 0  mM 200 m l
2) MeOH 200 m l
3) g lac ia l AcOH 200 ml
[th e  colum n w as then s to red  under g lac ia l AcOH until the next sep ara tio n ] .
50 m l frac tio n s  w ere  collected  a t a  flow ra te  ~  1.5 - 2. 0 m l/m in .
F rac tions 1 - 3 eluted 36 mg d ig ly cerid es  and co loured  im p u ritie s .
F rac tio n s 4 - 8  eluted 53 mg m ostly  CLXX (R = C ^ H ^ ,  Y = TBDMS) and som e 
CLXXIX (R = C 1?H35).
F rac tio n s 9 - 1 0  eluted 14 mg CLXXIX slightly  contam inated  with tr a c e s  of CLXX. 
F rac tio n s 1 1 - 1 5  elu ted  the bulk o f CLXXIX.
F rac tio n s 16 - 17, 6 m g of a m ix tu re  of CLXXIX and its  degradation  products. 
F rac tio n s 18 - 19 w ere  d isca rd ed .
T hese data  a re  depicted in Table XXIV.
The frac tio n s 1 1 - 1 5  w ere  pooled with the aid of CHClg/M eOH 2/1 (ca . 45 m l)
200 m l 
300 m l 
100 m l 
200 m l 
200 m l
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1 m l H20  w as added and co n cen tra ted  (2 0 ° /1 0  m m ) with g re a t  caution  (danger of 
spattering)*  t i l l  opalescence o r  sligh t p rec ip ita tio n . Then it  w as  f re e z e -d r ie d  for
2 - 3 h and d r ie d  in vacuo fo r  24 h. The solid  resid u e  w as ag a in  trea ted  with 
C H C l,/M eO H  2/1 (ca. 30 m l), evaporated  and d ried  in vacuo t i l l  constan t w eight,
O
affording 256 m g [78% o v e ra ll fro m  CLXIII (R = Y = TBDMS)] .
Found (CHN) :C  6 2 .5 7 , H, 10.75, N 1 .6 7 , P 3 .97%
(G a lb ra ith ): C 63. 20, H 10. 85, - P 4. 21, H20  (K arl F isc h e r)  2 . 4 7 ^ 3 !
C 81H 164N2°17P2 *M W  1500,09) requires
C 64 .85 , H 11.02, N 1.87, P 4.13%
C81H164N2 ° 1 7 P2 ' 2H2 °  (MW 1536‘ 12) re q u ire s
C 63. 33, H 11.02, N 1 .8 2 , P 4 .03% .
m .p . (c a p illa ry )  : a t ca . 87° the compound s ta rte d  d im in ish ing  in s iz e  and 
becam e tran s lu ce n t,
at c a . 170°C s ta rte d  becom ing a b it b row nish , 
a t 182-3° m elted  to c le a r  o il, a  b it b row nish .
[a ]  25 + 5 .8 2 °  (c, 2. 75) d ry  CHClg.
Md  + 89. 4 (on MW = 1536. 12).
IR (CHC13 ):3240 (broad, m), 2930 (s), 2858 (s), 1735 (s), 1467 (m), 1378 (w),
1200 (broad, m ), 1060 (s). F igu re  15.
1H NMR (90 MHz, CDClg, TMS) :
ca . 7 .25  (broad, 4H, H20 )
5. 29 (m . 2H, RCOOCH)
3.91 (m, 22H, RCOOCH2> POCH^ CHOH, NH^)
2. 30 (m, 8H, CH2COO)
1.25 (s, 120H, -CH ^)
0. 88 (m , 12H,-CH3 ).
F igure 16.
S im ilarly :
b is  am m onium  sa lt of 1 , 3 - b is - [ ( 1 ',  2 '-d ip a lm ito y l-sn -g ly c e ro )-3 '-p h o sp h o ry l | 
g lycero l, CLXX1X (R = C ^ H ^ ,  M = NH^) in 76% yield.
* The d an g e r of sp a tte rin g  in c re a se s  in going from  R = C .^ H „  to R = and
R = C in CLXXIX. The la tte r  compound fro th s  and s p a tte rs  badly and
suddenly.
See Footnote [ 3 | on page 194.
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Found (CHN) : C 61 .70 , H 10. 76, N 1. 69, P 4.12%
(B ern h a rd t) : C 61 .88 , H 10.48, N 1 .5 4 , P 5. 99%
(G albraith ) : C 61 .25 , H 10.74, -  P 4 .49 , H .O  (K arl F isc h e r)
W 31
C 73H148N2 °1 7 P2 (MW = 1387‘ 99) recJu ire s
C 63 .17 , H 10. 75, N 2. 02, P 4. 46%
C73H148N2°17P2 ' 2H2 °  (MW = 1423' 92) reclu ire s
C 61 .57 , H 10. 76, N 1 .9 7 , P 4. 35%.
m .p . (cap illa ry ) : a t ca . 85°C  the compound s ta r te d  d im in ish ing  in s ize  and 
becam e tra n s lu c e n t,
a t 177 - 8°  m elted to  c le a r  o il, a  b it brow nish .
[a ]  24 + 6. 35 (c, 2. 75) d ry  CHClg.
Md  -W0. 4° (on MW 1423. 92).
IR (CHClg) : qualita tively  s im ila r  to CLXXIX, (R = C ^ H ^ ,  M = NH^).
b is  am m onium  sa lt of 1 ,3 - b is - f  (1’, 2 '-d im v ris to y l-sn -g Iy c e ro )-3 '-p h o sp h o ry ll 
g ly c e ro l, CLXXIX (R = C ^ H ^ ,  M = NH*) 
in 68% yield .
Found (CHN) : C 59. 73, H 10.47, N 1 .9 9 , P 4 .5 2 %
(G a lb ra ith ) : C 59. 70, H 10. 37, -  P 4 .6 9 , H O (K arl F isch e r),
2.54% t3 ]
C65H132N2 °1 7 P2 1275- 6 8 > re q u ire s
C 6 1 .19 , H 10.43, N 2. 20, P 4. 86%
C65H132N2 °1 7 P2 * 2H2°  <MW 1311.71) re q u ire s
C 5 9 .51 , H 10.45, N 2 .14 , P 4 .2 2 % .
m .p . (cap illa ry ) : a t ca . 75° the compound s ta r te d  d im in ish ing  in  s ize  and 
becam e tra n s lu c e n t,
a t 181 -  2 °  m elted to c le a r  brow nish  o il.
[a ]  25 + 6 .9 0 °  (c, 2. 75) d ry  CHClg.
-W0.5° (on MW 1311. 71).
IR (CHClg) : qualita tively  s im ila r  to  CLXXIX (R = C ^ H ^ ,.,  M = NH^).
See Footnote [3 ] on page 194.
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8-B -7 STUDIES ON THE REMOVAL OF Acn GROUPS FROM FULLY 
PROTECTED DPGs, CLXIII
A. Solvent System
The system  H20 /C H 3 CN /N a2C 0 3 w as not used because of the inso lub ility
of CLXIII in CHgCN. The sy stem  p y rid in e /H 20  1/1 v /v  and 2 eq u iv a len ts  of
Et„N  p e r  P w as found to be sa tis fa c to ry . F or CLXIII a ra tio  11 .5  1. p y rid in e /m o l 
o
w as found to be su itab le . With th is ra tio :
CLXIII (R = C 1?H35 and R = C ^ H ^ .  Y = TBDMS) gave a gel a f te r  c a . 15 m in 
rea c tio n  which w as m elted  by blowing w arm  a i r  once o r  tw ice d u rin g  the 2 - 2. 5 h 
rea c tio n  tim e. When a c le a r  solution resu lted  th is  w as an ind ication  of a com pleted 
rea c tio n .
CLXIII (R = C H , Y = TBDMS) gave in itia lly  a heterogeneous sy s te m  (oil 
111 * /
p rec ip ita ted  out), but a f te r  c a . 30 m in a hom ogeneous, c le a r ,  s lig h tly  v iscous 
solu tion  re su lted , ind icating  the rem ova l of a t le a s t one Acn g roup .
TLC  (s ilic a  ge l H; E t20 )  rev ea led  no s ta rtin g  m a te r ia l Rp  0. 39; p ro d u c t (CLXX) 
had R p O . 00. The produced aceto in  could not be detected  at Rp  0. 39. A cetoin 
g iv es a  yellow spot on sp ray in g  with Z inzadze reagen t and sligh t w arm in g  but on 
c h a rr in g  the spot d im in ish es and becom es fain t b lack.
B. P urity  of Product CLXX
The p u rity  of the p roduct CLXX w as checked by TLC  in 3 so lven t sy stem s 
(Table XXV).
TABLE XXV R _  VALUES OF CLXIII, CLXX, CLXIX AND DIGLYCERIDES --------------------  F  _________________________________________________________
Compound
R p  values* on TLC (s ilic a  gel N) w ith 
developing solvent sy s tem s
E t20 C H C ^/ace to n e  24/1 v /v
CHCl3 /M eO H /c . NH3 
6 5 /2 5 /5  v /v
CLXIII ( s ta r t in g ) 0. 40 0. 50 1 .0 0
CLXX (product) 0 .0 0 0 .0 0  . 0. 70
CLXIX (DPG) 0 . 00 0 .0 0 0. 35
1, 2 -d ig lyceride 0.61 0. 45 1 .0 0
1, 3 -d ig ly cerid e 0. 70 0. 58 1 .0 0
* No varia tion  with the n a tu re  of f. acy l group w as seen . Slight fluctuation  of the
indicated R values w ere  seen  from  p la te  to p la te .F
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The f i r s t  two so lv en t sy s tem s revealed  the p o ss ib le  p re se n c e  of s ta r t in g  m a te r ia l 
CLXIII and d ig ly c e rid e (s ) . The th ird  solvent sy s te m  revea led  the p re se n ce  of 
d e -s ily la ted  b y -p ro d u c t, CLXXIX.
F o r ra c . CLXIII (R = C H ^ ,  Y = TBDMS), a f te r  30 m in reac tio n , TLC
(s ilic a  gel H; C /M /c .  NHg 6 5 /2 5 /5 ) showed a v e ry  fa in t spot at R p  0. 77 probably
due to ra c . CLXIX (R = C ^ H ^ ,  Y = TBDMS) and two spots R p  0. 48 and 0. 54
correspond ing  to s te re o is o m e rs  of rac . CLXX (R = Y = TBDMS).
ra c . CLXXIX (R = C ..H „_ ) runs a t R_ 0. 33 on s i l ic a  ge l H w ith th is  solvent 
—  1o ¿1 Jr
sy stem . Two sp o ts  w ere  seen fo r  ra c . CLXX (R = C ^ H ^ ,.,  Y = TBDMS) on s il ic a
gel H, R 0. 62 and 0. 68, but only one, a t R 0. 74, on s il ic a  gel N.
F  r
One of the two spo ts could be the m e so -fo rm  of r a c . CLXX, w hile the 
o th e r  could be the  rac em ic  form .
The d ia s te re o is o m e rs  of CLXIII (R = C ^ H ^ g , Y = TBDMS) (vide in fra), 
a f te r  the rem o v a l of Acn g roups, a ll showed only one spot Rp  0. 73 on s il ic a  ge l N 
(C /M /c . NHg 6 5 /2 5 /5 )  co rrespond ing  to CLXX (R = Y = TBDMS).
CLXXIX (R = C ._ H .c ) ra n  at R _  0 .5 4  on th is p la te .
F o r sm a ll sc a le  p rep a ra tio n s  pumping fo r  12 - 24 h is  sufficien t fo r 
rem oval of p y rid in e . F o r a sca le  of the o rd e r  of 0 .5  m m ol prolonged pum ping 
is  n e c e s sa ry  fo r  py rid ine  rem oval.
The in te rm e d ia te s  CLXX (Y = TBDMS), a s  th e ir  trie thy lam m onium  s a lts ,  
w ere  w hite so lid s  (R = C 17H35 and R = C ^ H ^ J o r  a se m i-so lid  m a ss  (R = C 13H27).
The s ta b ili ty  of the above in te rm ed ia te s , a t -2 0 ° , w as checked by TLC.
They w ere  a ll found to be s tab le .
8-B -8  STUDIES ON THE REMOVAL OF TBDMS GROUP FROM CLXX 
A. Solvent S ystem
CHC1 /C H  C N /H .O  m ix tu re s  w ere  tr ie d , but the rea c tio n  w as heterogeneous
O «3 ^
up to 40 /20 /1  v /v  with 1 m M inC L X X and3 mM in HC1, and a f te r  20 h a t 25 C ca . 
25% s ta rtin g  m a te r ia l  w as p re se n t and ca . 10% of unknown a t R 0. 00 (by TLC on 
s ilic a  gel N; C /M /c .  NH^ 65 /25 /5 ). C H C lg /M eO H /f^O  m ix tu re s  w ere  found to 
be su itab le fo r th is  reaction . Evidence that the re a c tio n  involves in tra m o le c u la r  
acid  c a ta ly s is  u n d e r the chosen conditions w as obtained as  follows:
The a p p ro p ria te  s ta rtin g  m a te ria l, see  T ab le  XXVI, w as d isso lved  in the
J

so lven t sy stem  shown. In the ca se  of CLXIII a  weak em ulsion w as ob tained. 1 N 
o r  2 N HC1 w as added and the sy stem  w a s  s t i r r e d  a t 20 -  25°C fo r the ind icated  
p erio d  of tim e. W orking up involved n e u tra liz a tio n  w ith 10% NH^, evapo ra tion , 
d ry ing , suspension  in  CHCl^ and spo tting . TLC re su lts  a re  shown in T able XXVI. 
A dditional ev idence w as obtained by re a c tin g  340 mg CLXIII (R = C ^ H ^ ,  Y = 
TBDMS) in C H C lg /M e O H /H ^  5 8 /1 1 4 /4 0  m l/m l with 530 U1 1 N HC1 fo r  7 h a t 25°C. 
To the opalescen t sy stem  2 m l 10% NH^ w as added followed by 56 m l CHCI^ and 
45 m l H20 , g iv ing C /M /H 20  2 /2 /1  v /v . The low er phase (opalescent in th is  c a se )  
w as rem oved, evaporated  and d ried  to g iv e  326 mg of s ta rtin g  m a te r ia l identified 
by TLC  in C /M /c . NH. 6 5 /2 5 /5  and CHC1 /ace to n e  24/1 a s  well as by NMR, w here  
the peaks due to  Acn and TBDMS g ro u p s w ere  p resen t.
B. E ffect of S u b stra te  C oncentration
S evera l su b s tra te  (CLXX) co n cen tra tio n s  w ere  te sted . In the ca se  of 
CLXX (R = C _H„ , Y = TBDMS) (w here m ic e lla r  o r  som e aggregation  is  expected
1 /  Oj
to  be pronounced) a t concen tra tions a ro u n d  8 mM we alw ays found th a t the p roduct 
p rec ip ita ted  out a s  je lly -lik e  floccu les o r  that opalescen t solutions re su lte d  which, 
by TLC (s ilic a  g e l H, C /M /c . NH^ 6 5 /2 5 /5 )  showed ex tensive decom position  to 
b y -p ro d u c ts , e .g .
R 0 .0 0  10%r*
R p  0 .1 9  20%
R p  0. 41 60-70% co rre sp o n d in g  to CLXXIX (R = C ^ H ^ g )
R 0. 65 15% co rresp o n d in g  to CLXX (R = C _H0 , Y = TBDMS).
.r  1 /  «35
In the 1 mM range  the sy stem  under a l l  com binations of C /M /H 20  used  w as a 
c le a r  co lo u rle ss  solution; th is  co n cen tra tio n , th e re fo re , was used fo r  fu rth e r  
ex p e rim en ts .
C. Effect of H C l/S ubstra te , CLXX, R atio
R atios up to 80 w ere  tr ie d . T h e  product, CLXXIX (acid fo rm ), w as found 
to  have good re s is ta n c e  to fu rth e r  h y d ro ly s is . Even when a ra tio  80 w as used for 
c a . 2 .5  h, th e re  w as only a re la tiv e ly  sm a ll percen tage of by -p roduc ts (not 
iden tified). F o r  a w ell-d ried  sam ple o f CLXX, two equivalents of MCI should be 
adequate, and an additional 0 .5  equ iva len ts  safety m arg in  was used.
D. Effect of the A pparent D ie le c tric  C onstant of the Solvent
V arious com binations of C /M /H ^O  giving d iffe ren t ADC (ranging  from  
ca . 14 to  36) w ere  checked f o r  th e ir  effect on the efficiency  of th is  reac tio n . When 
the H C l/su b stra te  ra tio  w as fixed at 2 .5  the re p re se n ta tiv e  re s u lts  depicted in 
Table XXVI show tha t the re a c tio n  p roceeds m arg in a lly  b e t te r  on going to a m ore 
po lar solvent sy s tem .
E. K inetics o f TBDMS G roup Rem oval from  CLXX
Under the optim um  conditions, re a c tio n s  w ere  followed by TLC. The 
TBDMS group w as rem oved  sm oothly and at 5 h only a t ra c e  of s ta r t in g  m a te r ia l 
w as p re se n t. A fte r 5 h, the am ount of s ta r t in g  m a te r ia l declined very  slowly 
while the am ounts of b y -p ro d u c ts  s ta rte d  to in c re a se . G enerally , the k ine tics of 
TBDMS rem oval a r e  se n s itiv e  to the p re se n ce  of ex c ess , unrem oved  base 
(pyridine).
8-B-9 PURIFICATION O F PPG, CLXXIX
A. By Column C hrom atography  on Silica Gel
A sam ple of ra c . CLXIII (R = C Y  = TBDMS) w as freed  from  a ll 
p ro tec ting  g roups and n eu tra liz ed  by NaHCO^ solution . A fter rem oval of the 
solvents the re s id u e  (ca. 70 m g) w as chrom atographed  on 10 g s il ic a  gel (70 - 230 
m esh , ca t. 7734, M erck) u sin g  solvents:
a )  CHC1„ 20 m lO
b) CHClg/M eOH 8 /2  30 m l
c )  " 6 /4  60 m l
w ith a flow ra te  of 0. 8 -  0 . 9 m l/m in .
F ra c tio n s  5 m l co llec ted . T he frac tio n s 9 - 1 2  w ere  pooled, g iv ing 25 mg of a 
compound which had m. p. 175°C (cap illa ry , u n co rrec ted ) a f te r  p rec ip ita tio n  from  
CHClg solution w ith acetone and analysed c o rre c tly  a s  the ca lc ium  sa lt of racem ic  
CLXXIX (R = C 13H27).
Found (G albraith ) : C 60. 70, H 9 .91 , Ca 3. 26%.
C65H1 2 4 °l7 P2Ca (MW 1279*67> req u ire s
C 6 1 .00 , H 9 .77 , Ca 3. 13%.
The fractions 1 5 - 1 7  w ere  pooled affording 20 mg of solid which w as p rec ip ita ted
2 1 1
from  CHC1, solu tion  by acetone. T h is  p roduct had m .p . 184 - 6°  (ca p illa ry ,
O
u n co rrec ted ) and w as analysed  fo r  the sodium  s a lt  of rac em ic  CLXXIX (R = C ^ H ^ ) .  
Found (G alb raith ) : C 49. 79, H 8 . 24, Na 6. 30%.
C65H 124° 17P2Na2 (MW 1285- 58> re q u ire s
C 60. 79, H 9. 72, Na 3. 58%
indicating  stro n g  contam ination  w ith in o rg an ics  from  the colum n. T L C  of frac tio n s  
on s il ic a  ge l H a r e  a s  in T able XXVII.
R p  VALUES O F DPG AS ITS Na AND Ca SALTS IN BASIC AND 
TABLE XXVII NEUTRAL DEVELOPING SOLVENT SYSTEMS
F ra c tio n s
Solvent System
C /M /c .N H 3 6 5 /2 5 /5 C /M /H 20  6 5 /2 5 /4
9 - 12 m ain spot R p  0. 37 
faint spot R p  0 . 26
only one spot R pO . 56
15 -  17 m ain spo t R p  0. 37 
faint spot R p  0 . 26
m ain spot a t R p O .  28 
fain t spo ts a t  R p  0. 56
R „  0. 40F
B. By Colum n C hrom atography  on H ydroxylapatite (HLP)
0 .039  m m ol CLXIII (R = * ^ 7 *^3 5 ’ Y = TBDMS) w as freed  of a ll p ro tec ting
groups and converted  to C a4 4  s a lt in a two phase sy stem  using 0. 1 M CaCl^. The
product (purity  85 - 90% T L C ) in CHC1 (2 m l) w as applied onto 5 g  HLP (1 x 17
J  162cm ; i .d .  x height) p re - tre a te d  a s  d esc rib ed  and elu tion  w as c a r r ie d  out a s  
follow s:
a) CHC13 100 m l
b) acetone/M eO H 9/1 100 m l
c) CHC1 /M eOH o 9/1 50 m l
d) 9 /2 50 m l
e) " 1/1 50 ml
f) MeOH 90 m l
w ith a flow ra te  o f 1 m l/m ln . F ra c tio n s  10 m l co llec ted . F ra c tio n s  1 - 3  eluted 
9 mg identified a s  1, 2-and 1, 3 -d ig lyceride  by TLC  and NMR. F ra e lio n a  1 1 - 2 2  
elu ted  3 mg, p robably  column fin es . F ra c tio n s  23 - 37 eluted 1 m g of an 
unidentified com pound. CLXXIX w as not elu ted  with acetone/M eO H  9/1 as
2 1 2
162re p o rte d 1 . The compound rem ained  a ttach ed  to  the colum n.
C. By Column C hrom atography on D E A E -cellu lose
E xperim en ta l d e ta ils  fo r the su c ce ssfu l rem oval of im p u ritie s  from  
various DPG p rep a ra tio n s  w ere  exem plified fo r  CLXXIX (R = C _H ) (see a lsoI /  oD
Table XXIV). The sam e column w as used fo r  pu rifica tion  of a l l  th ree  DPG sp ec ie s  
rep o rted  h ere in . T he rep roducib ility  of the colum n w as ex c e llen t, in sp ite  of 
repeated  u se s .
8-C  DISCUSSION
8-C -1 PHOSPHORYLATIONS WITH C EP-O -C EP
The s im p les t and m ost efficien t cond itions found fo r  the  p rep a ra tio n  of 
fully pro tec ted  DPG (CLXIII, Schem e XXVIII) w ere  to f i r s t  phosphory la te  a 
p a r tic u la r  d ig lyceride  with CEP-O -CEP in th e  p re se n ce  of a  s lig h t excess  
tr ie thy lam ine, followed by addition of the second  alcohol (LII, Y = TBDMS), along 
with 1.5 m ol equivalen ts trie thy lam ine  p e r  hydroxyl group. T he d es ire d  product, 
CLXIII, w as obtained in 30 - 37% y ie ld s by s im p le  colum n chrom atography  on 
s ilica  gel.
In what w ill follow, a detailed  d isc u ss io n  is  given of o u r  effo rts  to
understand the c h e m is try  and op tim ise y ie ld s  from  the re a c tio n s  involving
CEP-O-CEP with d ig ly cerid es  and C E P O -dig lyceride with a b ifunctional alcohol.
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CEP-O-CEP is an ex trem ely  powerful phosphory lating  agent . Following attack  
of the f ir s t  alcohol on a phosphorus in CEP-O -CEP, th e re  a r e  two p o ss ib ilitie s  
fo r  fu rth e r  reaction : expulsion of CEP-O an ion  o r  r ing  opening:
• / ?  ?  °  7 ?  7 ?
O - P - O - P - O R  •*------ C E P -O -C E P------ O - P - O R  +  O - P - O H
II II II II
O O O O
CXXXII CXXVIII CXXIX CXXXIII
In p rac tice , ring  reten tion  is  o b se rv e d ^®  and th is w as in te rp re te d  with the aid
149of the oxyphosphorane concept a s  shown in Schem e XXV. Apical a ttack  of the 
alcohol, ROH, c re a te s  the oxyphosphorane GXXXV via CXXXIV. Since the CEPO— 
ligand is a re la tiv e ly  strong  e lec tro n  w ithdraw ing group, in te rm ed ia te  CXXXV is
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converted  to  CXXXVI by a perm utational iso m eriza tio n  (PI) . Now, CEPO ,
being a good leaving group, d ep a rts  from  CXXXVI giving the observed  p roducts,
CEP-OR and CEP-OH, both having reta ined  the r in g ^ V  As ex p e rim en ta lly
observed , th e re  is  a s trong  tendency tow ards r in g  re ten tion . The c y c lic  oxyphos-
phorane in te rm ed ia te s  co llapse  with exocyclic ap ical d ep a rtu re  ( i .e .  CXXXVI -♦
CXXIX) possib ly  because CEPO is  the b e tte r  leaving group  (assum ing  a  k inetically
con tro lled  rea c tio n ) [cf. Ref. 152 ]. A lte rna tive ly , perhaps re ten tio n  of the ring
is  favoured sim ply  because the tran sitio n  s ta te  s ti ll  re ta in s  the c h a r a c te r  of an
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oxyphosphorane and, hence, is  much m ore stab le if the rin g  rem a in s  c losed
Phosphorylation of d ig lycerides  with CEP-O-CEP using n ico tinam ide as  
b ase  afforded the C EP-ylated product (CXXIX, R = 1 ,2 -d iac y l-sn (o r r a c .  )-g lycery l) 
w ith  to ta l r in g  re ten tion  a s  judged from  the NMR sp e c tra  (absence of aceto inyl 
s ignals). The solid  products (CXXIX, R = 1 ,2 -d is te a ro y l- , 1, 2 -d ip a lm ito y l- ,
1, 2 -d im y ris to y l-sn  (or ra c . )-g lycery l) w ere  contam inated with sm a ll am ounts of 
C EP-O H -nicotinam ide (by 1H NMR and e lem en ta l ana ly sis). A ttem pts w ere  made 
to  obtain c ry s ta llin e  m a te ria l, but w ere  unsuccessfu l.
The phosphorylation  of 1 ,2 -d iac y l-sn -g ly ce ro ls  w ith C E P -O -C E P  w as very  
fa s t.  With n icotinam ide a s  a base the sy stem  w as heterogeneous and a  ca . 2. 5 h 
w ere  allowed fo r  com plete reac tion . With o th e r b ases , e .g .  p y rid ine , tr ie th y l-  
am ine o r  y -co llid in e  the sy stem  was a c le a r  hom ogeneous solution and the 
phosphorylation  w as a lm o st com plete in a few m inutes, though a 45 m in period 
w as allowed to en su re  com pletion.
An im p o rtan t in d ire c t finding w as that CEP-ylation of d ig ly c e r id e s  in the 
p re se n ce  of n icotinam ide w as not clean from  the s te reochem ical po in t of view.
1, 3-D ig lyceride w as alw ays seen  on TLC (a f te r  ca rry in g  out phosphory lation  of 
the second alcohol; see la te r  on). This observa tion  can be explained a s  follows: 
the liberated  CEP-OH, CXXXIII, is probably  not efficiently  cap tu red  by the 
n icotinam ide b ase  (pKa=3. 35 ; insoluble in  CH2C12 ) and has tim e to  ca u se  acid- 
ca ta ly sed  1 ,2 -»  1 ,3 -iso m eriza tio n  of unreacted  1 ,2 -d ig lyceride . T he se lec tiv ity  
of CEP-O-CEP tow ards p r im a ry  and secondary  alcoholic functions is  not yet 
known, although it  is  expected  to be ra th e r  unselective in view of i t s  g re a t reac tiv ity . 
So, the iso la ted  C EP-ylated d ig lycerides w ere  probab ly *  m ix ture of:
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RCOO-
RCOO- and
-O C E P 
CLIX
RCOO
(-OCEP
RCOOJ 
CLX
the la t te r  being p re s e n t  in  sm a ll am oun ts  ( le ss  than 10%; see T able XIX). T h is  
could not be v e r if ie d  by NMR b ecau se  of crow ding of peaks in  the region 
6 <  ft < 4 .  S upport fo r  the idea about iso m eriza tio n  when n ico tinam ide w as used 
w as gained from  the ab sen ce  of 1, 3 -d ig ly c e rid e  iso m e r  when so lub le (and s tro n g e r)  
b ases  like tr ie th y la m in e  w ere  used.
Probably the  m ost d ifficu lt s tep  in  the sy n th esis  and th e o re tic a lly  the m ore 
im portan t is the second, viz. the re a c tio n  of CEP-OR w ith a second alcohol R^OH 
to afford  the u n sy m m e tr ic a l t r ie s te r ,  CXVII. A pical en try  of R^OH p roduces an 
oxyphosphorane, CXXXVII, which h as v e ry  in te re s tin g  p ro p e r tie s  depending on the 
n a tu re  of R and R^ g ro u p s; Schem e XXVI. R egular o r  ir re g u la r  PI of CXXXVII 
can produce a new  oxyphosphorane, CXXXVIII. In both oxyphosphoranes r in g  
opening by a p ic a l d e p a r tu re  p roduces th e  d e s ire d  u n sy m m etrica l t r ie s te r .  But, 
ap ica l d e p a r tu re  of ROH o r  R^OH fro m  th ese  two oxyphosphoranes can lead to  the 
sy m m etrica l t r i e s t e r s  CXXXIX and C L . In g en e ra l, the tendency fo r  ring  opening 
vs. r in g  re te n tio n  a p p e a rs  to b e a  v e ry  sensitive  function of:
a) the o v era ll bu lk  of R and R^ g ro u p s,
b) the e le c tro n ic  n a tu re  of R and R^ g ro u p s .
Phosphory lation  (coupling) of the  second alcohol R^OH w ith CEP-OR is  
g en e ra lly  in fluenced  by ca ta ly s ts :
A) Acid c a ta ly s is
In a p o la r  so lv en ts , ac id s  should ca ta ly se  the coupling rea c tio n  a s  w as
o b s e r v e d w i t h  CF.C O O H  and CEP-O R + R^OH. A m echan ism  h as  been 
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suggested , a s  follow s:
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B) C a ta ly s is  by s a lts  of phenol
In th is  ca se  effective c a ta ly s is  w as o b se rv ed  , p e rh a p s  via th e  following 
m echanism :
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— CXVII
CXXIX CLI1I C U V
C) C a ta ly sis  by b ases
B ases c a ta ly se  the c o u p l in g ^  and th e i r  efficiency a s  c a ta ly s ts  depends
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a) on th e ir  pKa>
b) on th e ir  s te r ic  req u irem en ts .
The fact th a t im idazole (pK 7 .1 )  is  a m ore  e ffec tiv e  c a ta ly s t than E t.N  (pK 11.0)
3i  ^ O 3
suggests tha t m e re  proton rem oval from  the a lcoho l R OH is  an insu ffic ien t 
reaso n  to  explain  the observed ca ta ly s is . A ccord ing ly , the m echanism , Scheme 
XXVII, involving h igher coord inated  phosphorus in te rm e d ia te s  was p ro p o sed  ^  .
It is  in te re s tin g  tha t using pyrid ine as so lven t o r  ca ta ly st fo r  coupling (see  below) 
resu lted  m ain ly  in the form ation  of sy m m e tr ic a l t r ie s te r ,  CL (R = 1 ,2 -d ia c y l- r a c - 
g ly cery l) . T h is m ay be due to the low er nucleoph ilic ity  of pyrid ine co m p ared  to 
Et^N and im idazole, such that h igher co o rd ina ted  phosphorus sp ec ie s , CLVIII, a r e  
not fo rm ed w ith pyrid ine .
A t the ou tse t, coupling of iso la ted  C E P O -d ig lyceride , CLIX (p robab ly  
containing sm all am ounts of i ts  iso m er, CLX) with LII (Y = TBDMS) w e re  ca rrie d  
out. NMR ex p e rim en ts  revealed  that even the uncata lysed  coupling w as very 
fast. D uring a 2 h period  all CEP-OR (R = 1 , 2 -d ia c y l-r a c -g ly ce ry l)  had  reac ted . 
This is  in m arked  c o n tra s t w ith p u b lis h e d ^ ^ ’ tim es fo r  coupling CEP-OR 
with sim ple a lcoho ls (0. 2 M CEP-OR, 20°C, 8h ). V arious conditions w e re  tried  
in o rd e r  to in c re a se  the yield of CLXIII (Schem e XXVIII) (see  Table XIX) using 
d iffe ren t so lven ts (no solvent, pyrid ine, C C l^, CHClg, CH2CI2). V isu a l 
es tim atio n  by thin layer ch rom atog ram s show ed that th e re  w as no m ark ed  
d iffe rence  between CCl^, CHCL^and (uncatalysed reac tio n s). When
pyrid ine w as used as  solvent we observed: ■
i) ineffective coupling (CEP-OR was p re se n t by NMR a f te r  36 h a t  RT),

i i )  that the d e s ire d  u n sy m m etric a l coupling product, CLXV1, w as fa r  le s s  than 
the u n d esired  sy m m etric a l phosphate t r i e s t e r ,  CLXIII.
T h e rm a lly  induced uncata lysed  coupling  re su lted  in about an equal 
d is tr ib u tio n  of sy m m e tr ic a l and u n sy m m e tric a l p roducts. ----
In co rp o ra tio n  of py rid ine  (as c a ta ly s t)  into the sy s tem  (C H ^C ^ so lv e n t)  
re su lte d  in a m o re  d ra m a tic  d e c re a s e  in th e  y ield of the d e s ire d  u n sy m m e tr ic a l 
p roduct w hile the coupling w as f a r  slow er when com pared  to the u n ca ta ly sed  
coupling (Table XIX). T rie th y lam in e  a s  c a ta ly s t in v ario u s am ounts se e m e d  to 
have no p a r t ic u la r  advantage o v er the unca ta lysed  reac tio n  as  co n cern s th e  
rea c tio n  r a te  and product d is tr ib u tio n . F ro m  T able XIX it  can be seen  th a t  w ith 
E t.N  a s  "c a ta ly s t"  te m p e ra tu re  had h a rd ly  any effec t a s  fa r  a s  the y ield  i s
O
concerned  com pared  to  the unca ta lysed  re a c tio n .
U ncatalysed  coupling of C E P O -dig lyceride w ith a m onofunctional a lco h o l 
(Me C H C H -O H )gave a sligh tly  b e t te r  y ie ld  of u n sy m m etrica l t r ie s te r  (CXVII;
R = 1 ,2 -d ig ly c e ry l, R = M e2CHCH2- ) and sligh tly  le s s  of the s y m m e tr ic a l 
t r i e s t e r  CLXVI (v isua l e s tim a tio n  of thin la y e r  ch ro m a to g ram s) co m p ared  to  the 
b ifunctional alcoho l LII (Y = TBDMS).
C onceivably phosphory lation  of two d iffe ren t alcohols can be done e i th e r  
by iso la tion  of the in te rm ed ia te  CEP-OR, CXXIX, o r  in a stepw ise fash io n  w ithout 
iso la tion  of CEP-OR. In o u r sy n th esis  o f DPG, stepw ise phosphory lation  o f  two 
d iffe ren t a lco h o ls  [ROH = 1 ,2 -d ia c y l-sn -g ly c e ro l. R^OH = LII (Y = TBDMS)] w as 
c a r r ie d  out w ithout iso la tin g  the in te rm e d ia te  CEP-OR, CLIX. When n ico tin am id e  
w as used a s  b ase , 1 ,3 -d ig ly ce rid e  w as a lw ays a by-p roduct. The sam e exp lanation , 
i . e .  CEPOH ca ta ly sed  1 2 - 1 , 3  iso m e riz a tio n  of the 1, 2 -d ia c y l-sn -g ly c e ro l holds 
tru e  in th is  ca se  (see above). V arious so lv en ts  (CH2C12> benzene and 1 , 2 -  
d ic h lo ro e th an e) and te m p e ra tu re s  (20° -» 65°C) w ere  tr ie d , but the y ie ld s  w ere  in 
th e  reg ion  of 25 - 30%. When the f i r s t  phosphory lation  step  w as conducted  in the 
p re se n c e  of an equivalen t am ount of E t^N  no 1 ,3 -d ig ly cerid e  (but only 1 , 2 -  
d ig ly c e rid e )  w as seen  on TLC. V aria tio n  of the tim e fo r the ca ta ly sed  (E t^N ) 
coupling of the no n -iso la ted  C E P O -d ig lyceride w ith LII (Y = TBDMS) f ro m  16 -» 2 h 
a t 25°C showed no v a ria tio n  in y ie ld s  of iso la tion  u n sy m m etrica l t r i e s t e r  (Table 
XXI). T he ap paren tly  "u n rea c ted "  1, 2 -d ig ly c e rid e  could be e lim ina ted  w hen  0. 7 
m ol equ ivalen t of LII (Y = TBDMS) p e r  tw o C E P O -diglycerides w as used  (see  
T able XXII). F inally , when both phosphory la tion  and coupling w as conducted  in
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pyrid ine solvent by m ix ing  both alcohols a t the sam e tim e  the sy m m etrica l 
t r ie s te r ,  CL, w as fo rm e d  in fa r  g re a te r  am ount than the d e s ire d  u n sy m m etrica l 
phosphate t r ie s te r .  T h e  sy m m etrica l t r ie s te r ,  CL, w as p a r tia lly  purified  and 
w as shown to be the ace to in y l p ro tec ted  b is-PA , CLXVI:
RCOO-i
RCOO RCOOi
o - p - o
G  bAcn
OCOR
CLXVI
The above o b se rv a tio n s  can be accom m odated a s  shown in  Scheme XXVIII.
R efe rrin g  to th e  o v e ra ll m echanism , Schem e XXVIII, the f i r s t  step , viz . 
CEPylation, is a s tra ig h tfo rw a rd  reac tio n  and the d e ta iled  m echanism  w as 
d iscu ssed  e a r l ie r  on (Schem e XXV). E xperim en ta lly , one m ust be ca re fu l to 
n eu tra liz e  in an e ff ic ie n t way the CEPOH produced. A lso , s tr ic tly  anhydrous 
conditions m ust p re v a il  in the system  since:
RCOO-i
RCOO' O
L0 - P ^
+ h 2o
RCOO-i
RCOO* + CEPOH 
-OH
Note the g re a t m e r i t  o f LII (Y = TBDMS) a s  a c ry s ta llin e  and re la tiv e ly  non- 
hygroscopic m iddle g ly c e ro l com ponent in  the sy n th esis  of DPG. E xperim en ts  
perfo rm ed  with LII (Y = TBDMS) e ith e r  pum ped in vacuo fo r 2 days o r  not pumped 
resu lted  in the sam e d is trib u tio n  of p ro d u cts . A lso the g re a t  num ber of 
ex perim en ts  p e rfo rm ed  on v ario u s sc a le s  (from  0.01 m m ol to 8 mmol on LII,
Y = TBDMS) with the sam e range of y ie ld s strong ly  su p p o rts  the notion that 
1 ,2 -d ig lyceride  ob se rv ed  by TLC o r reco v ered  did not a r i s e  from  w a te r  
contam ination due to  the above reaction . In any ca se , it should be m entioned that 
CEPOH could re a c t w ith  alcohols to give
AcnO °
y ? --OH
__ RO
but th is is  probably  a  very  slow reaction  com pared  w ith o u r rea c tio n  tim es .
The f ir s t  in te rm e d ia te  C EPO -diglyceride, CLIX, is  now p resen ted  w ith
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a  second a lcoho l.
A) M onofunctional alcohol (Me^CHCH^OH)
U ncatalysed  coupling of C EPO -diglyceride w ith M e^CHCf^OH resu lted  
in  th ree  m ain p ro d u c ts  (TLC estim ation).
a )  F re e  d ig ly c e rid e  ca . 20%
b) S y m m etrica l t r ie s te r ,  CLXVI, ca. 12%, and
c) U n sy m m etrica l t r ie s te r ,  CXVII (R = 1 ,2 -d ig ly c e ry l, = M e2CHCH2_ ), ca . 55%. 
T his re s u lt  is  an unexpected one, at least a s  fa r  a s  the p ro p o rtio n s a re  concerned .
It is  in m ark ed  c o n tra s t to the high y ields (c a . 90%) of u n sy m m etrica l t r ie s te r s ,  
CXVII, ob ta ined  using low er MW alco h o ls^® .
B) B ifunctional alcohol (LII, Y = TBDMS)
1) U ncatalysed  (see a lso  T able XIX)
Again, the sam e th re e  products w ere  s e e n , although in slightly  d iffe ren t 
p ro p o rtio n s to  the case  w ith Me2CHCH20H. M echan istica lly  th e re  a re  the 
following p o s s ib ili t ie s  open to  the resu lting  oxyphosphorane CLXI (Schem e XXVIII).
a )  No PI and ring  opening to give CLXII. No PI should be p re fe r re d  because 
of the  bu lk iness of the d ig lyceride . T h e  product CLXII can only couple 
to  an o th e r  C E PO -diglyceride, CLIX, to  give the fully blocked DPG,
C  L X  I I I .
b) PI, re g u la r  o r  i r re g u la r ,  should affo rd  the new oxyphosphorane C LXIV. 
R ing opening in CLXIV should afford  CLXIII via CLXII. Expulsion of 
d ig ly c e rid e  from  CLXIV affo rds CLXV which can  e i th e r  su ffe r 
in tra m o le c u la r  a ttack  yielding the cy c lic  phosphate CLXVIII o r  rea c t 
w ith  ano ther LII to  g ive CLXVII. T he d ig ly cerid e  produced finds itse lf  
in  e x c e s s  (if the phosphorylating agen t is  consum ed by producing CLXVII 
and CLXVIII) and a f te r  reac tion  w ith CLIX y ie ld s  the observed  CLXVI. 
T he postu lated  by-p roducts CLXVII and  CLXVIII have not been iso lated  
o r  c h a ra c te r iz e d . They may co n trib u te  to the spo t R 0 .0 0  (TLC, s il ic a  
g e l, E t2 0 /h ex an es  3 /1 )  on the g ro u n d s of th e ir  po la rity .
2) C ata lysed
P resum ab ly  tr ie th y lam in e  ca ta ly s is  is m uch le s s  pronounced in our system  
as  can be se e n  by com paring  the uncatalysed coupling  of C E P O -dig iyceridc with
223
LII (Y = TBDMS), w here  a ll the C E P O -dig lyceride rea c te d  in 2 h , w ith the 
"ca ta ly sed" p re p a ra tiv e  ru n s (see ex p e rim en ta l)  w here  the coupling w as com plete 
in  about the sam e period  of tim e . With sim p le  a lcoho ls , coupling m ay p roceed  via 
a  P(VI) oc tahedron  when base  is  p re se n t and th is  ro u te  m ay be f a s te r  than the 
uncatalysed rea c tio n  v ia P(V)bipyramid^ However, w ith a bulky alcohol such as  
a d ig lyceride  no k inetic benefit a c c ru e s  via the P(VI) rou te  b ecau se  of crow ding in 
the o c tah ed ra l in te rm ed ia te . In both c a s e s ,  ca ta ly sed  o r  unca ta ly sed , in the 
coupling of C E P O -dig lyceride with a b ifunctional alcohol such a s  LII, th e re  is  an 
additional en tro p ie  fa c to r, which fav o u rs  die " tra n se s te r if ic a tio n "  g iving CLXV. 
T h is m olecule can r e a c t  in tra m o le c u la rly  to afford  CLXVIII, a  p ro c e s s  which is  
en trop ica lly  favoured o v e r in te rm o le c u la r  coupling. T h is  suggestion  can  be 
ind irec tly  supported  fro m  the e x p e rim en t w here LII (Y = TBDMS) w as phosphor- 
ylated by C EP-O -C EP followed by add ition  of d ig ly c erid e . In th is  ca se , lo ts  of 
d ig lyceride  rem ained  u n reac ted  and LII (Y = TBDMS) w as seen on TLC, although 
it is  too v o la tile  to be seen  when c h a r r in g  is  em ployed. In re a c tio n s  in py rid ine  
o r  when py rid in e  w as used  a s  "c a ta ly s t"  the sy m m etric a l t r i e s t e r  CLXVI alw ays 
p redom inated  if the rea c tio n s  w ere  p e rfo rm ed  in a stepw ise  fash ion . When both 
alcohols w e re  in troduced a t the sam e tim e  very  li t t le  u n sy m m etrica l t r i e s t e r  
CLXIII w as form ed, the m a jo r p roduct being the sy m m etric a l CLXVI.
No g re a t  varia tio n  in product d is tr ib u tio n  w as seen  when the concen tra tion  
of the re a c ta n ts  varied  from  0. 1 to 0. 4 M (see T ab le XIX). F o r  s im p le r  alcoho ls 
it was observed*  that the m ore  d ilu te  the  solution the m ore " tra n s e s te r if ic a tio n "  
took place:
CEPOR +  R 1OH -♦ CEPOR1 + ROH.
When two a c h ira l alcoho ls a re  phosphory lated  by CEPOCEP the re su ltin g  
tr ie s te r ,  CXVII, should e x is t in two en a n tio m eric  fo rm s  a t c a rb o n  :
When an a c h ira l alcohol (R^OH) r e a c ts  with ra c e m ic  CEP-OR (R c h ira l)  th is 
g en e ra te s  4 d ia s te re o iso m e rs  (2 en a n tio m eric  p a i r s )  at c a rb o n ^ ®  but when it
* F. R am irez , p erso n a l com m unication .
re a c ts  with an op tically  ac tiv e  CEP-OR i t  affords two d ia s te re o iso m e rs  a t  carbon. 
D ia s te re o iso m e rism  on phosphorus is  a l s o  possib le . In the ca se  of DPG we indeed 
observed  the fo rm ation  of d ia s te re o is o m e rs  by TLC . Thus, in the c a se  o f CLXIII 
(R = Y = TBDMS) purified  by colum n chrom atography  on s il ic a  g e l 60
(M erck, ca t. 7734) and checked by T L C  on s ilica  ge l H (M erck, ca t. 7736) no 
d ia s te re o is o m e rs  w ere  seen . But p u rifica tio n  of an o th er p rep a ra tio n  of th e  sam e 
substance by colum n chrom atography  on s ilica  g e l (F iso n s) and checked by TLC 
on s ilica  gel N (M acherey  Nagel) c le a r ly  showed the p resen ce  of is o m e rs  (see 
T able XVIII). T hat they w e re  iso m e rs  involving ca rb o n  c e n tre s  w as p ro v ed  by 
rem ova l of th e  aceto iny l g ro u p s, w hereupon a ll f ra c tio n s  (Table XVIII) afforded 
a product of the sam e m obility  on TLC  (s ilic a  ge l N). In the c a se  of CLX III 
(R = C . ,H q< and R = C _H , , Y = TBDMS) and ra c e m ic  CLXIII (R = C ._ H  ,
R = C H . , R = C ,H , , Y = TBDMS) which w ere  purified  by colum n ch ro m a to -
1 j  <31 1 o  ¿ 7
graphy  (M erck s ilic a  g e l)  and assay ed  by TLC (M erck  s ilica  gel H) no 
d ia s te re o is o m e rs  w ere  seen .
8 -C -2  REMOVAL OF ACETOINYL GROUPS FROM FULLY PROTECTED 
DPGs, CLXIII
P h o sp h o tr ie s te rs  contain ing the  aceto iny l group  can be co n v e rted  into 
p h o sp h o d ie s te rs  by OH ca ta ly sed  h y d ro ly s is  (see  Scheme XXII, C h a p te r  7 and 
Ref. 160). E x p erim en ta lly , it w as show n that the alkaline hyd ro ly sis  o f  AcnO-PO(OMe)
w as 2 x 106 tim es f a s te r  than th e  hyd ro ly sis  of (MeO).PO u n d e r the sam e
153 ^conditions , and th is  fac ile  h y d ro ly s is  was suggested  to p roceed  v ia an
oxyphosphorane in te rm ed ia te  follow ing attack  of OH on the carbonyl c a rb o n  of 
160the aceto iny l g roup  . The kinetic e x p re ss io n  fo r  these  hyd ro ly ses , w hich re su lt
from  postu la ting  oxyphosphorane in te rm e d ia te s , is  very  com plicated  an d  req u ire s
many a ssu m p tio n s and app ro x im atio n s in o rd e r  to  yield c o rre la tio n s  betw een
152
rea c tio n  r a te s ,  product ra t io s  and s tru c tu re  of the alkyl g roups . In p rac tice , 
the h y d ro ly s is  of a t r i e s t e r  of the type CXVII can be achieved in s e v e ra l  w ays16®’ 16^ 
a s  shown in T ab le  XXVIII (overleaf). Note the re la tiv e ly  high te m p e ra tu re s  and 
long rea c tio n  tim es  req u ire d  fo r such  hyd ro ly ses .
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TABLE XXVIII EXPERIMENTAL CONDITIONS FOR REMOVAL O F  THE 
ACETOINYL GROUP FROM PHOSPHATE TRIESTERS
R eaction  Conditions Product D istribu tion , %
Solvent Base, m ol/P Tem p, °C T im e, h RO" P - o '  
R i c r p  °
A  ^  °A cn O > "_  - 
RCK
HgO/MeCN 
2 /1  v /v
Na2 C 0 3 ,1 25 48 70-90 5
I
•• 60 5 -6 70-90 5
E t3 N, 2 70 10 ? 2
C5H5N/H2 °  
1/1  v /v
70 12-20 84 2
P yrid ine /w ater 1/1 v /v  solvent sy stem  and Et_N as  b ase  w ere  se lec ted  because
the H2 0 /M eC N /N a2COg system  was found to  be inadequate (in so lub ility  of CLXIII.
R = C ^H ^y . Y = TBDMS). In a fully blocked DPG m olecule, CLXIII, th e re  a re
many cen tres fo r nucleophilic  a ttack , i .e .  carbonyl carbon  (e s te r  and acetoinyl
groups), silicon  and phosphorus. T rie th y lam in e  is inactive a s  a nucleophile
tow ards e s te r  (RCOOR^) g r o u p s a n d  the apparen t pH (ca. 8 ) of th e  C^H^N/
H -O /E t-N  solution i s  not expected to effect the hydro lysis  of fatty  ac y l e s te r s  
^ o
significantly.
Removal of aceto iny l g roups from  CLXIII (Schem e XXX) w as found to be 
a smooth, m ild p ro ce d u re  and it w as over in  about 2 - 2 .5  h a t RT (cf. co n tra stin g  
data  in Table XXVIII). The reaso n s fo r th is  lability  is  unknown. Probably it is 
re la ted  to the v e ry  bulky d ig lyceride g roups o r  it is  a m an ifesta tion  of ca ta ly s is  
in m ice lla r sy s te m s . It is  w orth noting tha t only in the case  of CLXIII (racem ic ,
R = C H ,_. Y = TBDMS) w ere  we ab le to se e  the in te rm ed ia te  r a c . CLXIX on 
TLC as a faint sp o t com pared to the s ta r t in g  m a te r ia l and product ra c . CLXX 
(R = C ^H gy , Y = TBDMS). This im plies th a t once one acetoinyl g ro u p  was rem oved, 
the other aceto iny l group is rem oved very  quickly and th is can be explained by 
invoking m ic e lla r  c a ta ly s is .
When ra c e m ic  CLXIII (R = C ^H ^ ,. and R = Y = TBDMS) w ere
deblocked ( i .e .  rem o v a l of aceto inyl g roups), TLC (silica  gel H, C /M /c . NHg 
6 5 /25 /5 ) revea led  two spots fo r the product, rac . CLXX (Y = TBDMS) but only one
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on s ilic a  ge l N (fo r ra c . CLXX, R = C ^ H  g ). These two spots could be the
racem ic  and m e so  fo rm s, the m eso -fo rm  trav e llin g  f a s te r  than the rac em ic
compound. On rem oval of acetoinyl g roups f ro m  optically  active CLXI1I,
[N .B . e sp e c ia lly  with the d ia s te re o iso m e rs  o f  CLXIII (R = C ^H ^ ,., Y = TBDMS;
Table XVIII] each  column fraction  afforded only one spo t fo r the p roduct CLXX
(Y = TBDMS) having iden tical R values on th e  sam e TLC plate (s ilic a  ge l N,F
C /M /c . NH3 6 5 /2 5 /5 ).
P roduction  of d ig lyceride (s) a s  b y -p roduc t(s) w as found to o c c u r  to a very  
sm all ex ten t o r  not a t a ll (by TLC). No p ercen tage  can  be calcu lated  from  the 
sta ted  w eights of frac tions 1 - 3 (Table XXIV) since they  contain (a p a rt from  
d ig ly c e rid e s)  E t,N H C l and AcOH and o th e r co loured  im p u ritie s . It is  w orth  noting 
tha t the unwanted wrong hydro lysis p roducts:
CLXXI RCOCH
RCOO*
CLXXII HCH rOCOR
YO- lOCOR
and  its  fu rth e r  breakdown p roducts, 
m ostly  CLXXIII
l o - pn- o j
cfoAcn
CLXXIII HCH rOCOR
YO- •OCOR
L0 - P - 0 J
CLXXIV RCOO-i O—V — OAcn
RCOO»
° - / r °
■OY and  its fu rth e r  breakdown products, 
m ostly  CLXXV
O OAcn
CLXXV RCOOn O— P—OAcn
RCOO» OY
Lq -P - O - I
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w ere  not seen  on TLC. N either w ere  de-acy la ted  p roducts seen . Rem oval of the 
TBDMS group  by d ire c t a ttack  of OH on Si w as occas ionally  seen  on TLC 
(production of DPG, CLXXIX). Basic hyd ro ly sis  o f TBDMS e th e rs  is  a slow p ro ce ss
the m iddle g lycero l -OH becom es fre e , w here an oxyphosphorane CLXXVI can be
of CLXXVI would be rem oved  in the pu rifica tion  s te p , thus causing  a dim inution of 
yield but without affecting  the s te reo ch em ica l p u rity  of DPG, CLXXIX.
8 -C -3  REMOVAL OF TBDMS GROUP FROM CLXX
e th e r  of 2-octanol is cleaved  by AcOH a t a ra te  com parab le  to the co rrespond ing
THP e th e r . However, it w as recen tly  rep o rted  th a t TBDMS e th e rs  of s te ro id s
74
re q u ire  m ore d ra s t ic  ac id ic  conditions fo r  th e ir  c leavage . T h ese  re su lts , 
coupled with o u rs , reg a rd in g  the fac ile  rem oval o f TBDMS from  ra c . IC (Y^, =
CMe2, X = TBDMS)
and p e rs is te n t non -rem oval from  CIV under m ild  acid ic condition (see C hap te r 6 
and T able XXVI) ind icate that TBDMS group s ta b ili ty  is  a function of the alkyl
F o r exam ple, two e lec tro n  w ithdraw ing groups v icinal to O-Si bond a s  in CIV and 
in CLXX could make pro tonation  of the oxygen in O-Si quite d ifficu lt. A ccordingly, 
one m ight expect that the TBDMS group  on CLXX would be d ifficu lt to rem ove
168for s te r ic  rea so n s  . T h e re  is a dan g er of neighbouring group partic ip a tio n , when
form ed.
FA = fatty  acy l
CLXXVI
HO
T h is  does not spoil the u tility  of o u r  method b ecau se  the breakdown
27, 169 products
At equal concen tra tions, OH is  a m ore  e ffec tive  ca ta ly s t than H+ fo r the 
168 72h y d ro ly s is  of TBDMS e th e rs  . C orey and V enkatesw arlu  sta ted  that the TBDMS
RCOO-i
-OTBDMS
LOX RCOOJ
IC CIV
74s tru c tu re  (bulkiness and e lec tro n ic  c h a ra c te r is t ic s  of any substituen t p re se n t) .
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under p ro to n -c a ta ly s is . We th e re fo re  in itia lly  perform ed sev era l ex p e rim en ts  
using a g re a t ex c ess  of ac id . In o rd e r  to  keep the added aqueous HC1 in solution 
we w ere  obliged to use CHCl^/M eOH m ix tu re s . The cleavage of TBDMS group 
w as found to be sm ooth and re la tiv e ly  fast. Not much harm  to the d ig ly cerid e  and 
fatty acid e s te r  g roups w as found to  have occu rred  with the ex cess  HC1 used.
T hese o b serva tions forced  us to think that p ro tection  of the m olecu le  tow ards acid 
des tru c tio n  w as achieved by form ing  m ic e lles  in the re la tive ly  p o la r  solvent 
sy stem s em ployed. It is  known that PC fo rm s m ice lles  depending on  the apparent 
d ie le c tr ic  constan t (ADC) of the m edium  and that th e re  is a specific  value of ADC 
a t which PC is m o n o m e r i c T h i s  ADC is  a lso  a function of the fa tty  acyl 
m oie ties of P C ^ ^ .  If m ic e lles  w ere  involved in our system  then a c lean  hyd ro ly sis  
could be achieved fo r  a given CLXX, only a f te r  standard iz ing  in te r-dependen t 
v a ria b le s  such a s  te m p era tu re , concen tra tion  of su b stra te  and c a ta ly s t,  and so lven t 
system . E xperim en ts  w ere  p erfo rm ed  in th is  d irec tion . During a s e r ie s  of 
ex p erim en ts  in which the ra tio  of c a ta ly s t/s u b s tra te  was varied  we d iscovered  th a t 
the TBDMS rem oval involved an in te re s tin g  in tram o lecu la r c a ta ly s is .  Convincing 
evidence w as the following (see a lso  T able XXVI):
a )  No reac tio n  with CIV under s im ila r  conditions.
b) No rea c tio n  with CLXIII (R = C ^ H g g , R = and R = ^ ^ ^ 2 7 '  ^  = ^BOMS)
under s im ila r  ex p erim en ta l conditions.
c )  The ra te  of rem oval of TBDMS from  CLXX was proportional to  the ra tio  HC1/ 
CLXX only up to 2 (reac tion  followed by TLC). When both P -O ” groups becam e 
protonated  (P-OH) the ra te  of TBDMS rem oval was m axim al. M ore acid had 
little , if  any, effect.
No com parab le  in tra m o le c u la r  ca ta ly s is  could be found in th e  li te ra tu re .
It is  th e re fo re  unknown w hether such a fac ile  in tram o lecu la r c a ta ly s is  is a g e n e ra l 
phenomenon fo r s tru c tu re s  of type CLXXVII:
This obse rva tion  is  of sign ificance because
l) it allow s g re a t flex ib ility  in se lec tio n  of any pro tecting  g roup  Y fo r LXXVII 
(Schem e XI, C hap ter 5). then can be rem oved without affec tin g  Y 
(Scheme XI). Y in tu rn  can be a re la tive ly  stab le alkyl en tity  and th is should
CLXXVII R - C H - C H  — O - P - O R 1 Y = a lk y l o r  acyl
p rese n t no p ro b lem  fo r  i ts  rem o v a l from  CLXX a s  long a s  in tra m o le c u la r  
c a ta ly s is  o p e ra te s .
ii)  th is  kind of in tra m o le c u la r  c a ta ly s is  m ay be involved in the ch e m is try  of
o th e r phospholip ids o r  o th e r m o re  com plex s tru c tu re s  such a s  g ly cero l te icho ic  
ac id s .
While the sy n th e tic  im plications of th is  o b se rv a tio n  a re  obvious the b io ch em ica l 
ones cannot be a s s e s s e d  a t p re se n t.
8 -C -4  ISOLATION AND PURIFICATION OF BIS-PAs, CLXXVIII
Blocked b is-p h o sp h a tid ic  ac id s , CLXVI, a r e  d ifficu lt to  se p a ra te , ev e n  by 
column ch rom atog raphy , from  th e ir  co rrespond ing  d ig ly c erid e . How ever, once 
the aceto iny l g ro u p  has been rem oved , iso la tion  and p u rifica tio n  can be ach ieved  
very  quickly by colum n chrom atography(Schem e XXIX).
Rem oval o f the aceto inyl g roup  w as effected  in p y r id in e /w a te r  1/1 v /v  
solvent w ith tr ie th y la m in e  a s  b ase  (only rough s to ich io m etry  w as adhered  to  in  
these  p re p a ra tio n s  because of u n ce rta in ty  about the com position  of the sy s tem ).
T his som etim es re su lte d  in a c le a n  com plete rem o v a l of the aceto iny l g roup , 
som etim es in PA production in sm a ll am ounts and on o th e r  o ccas io n s incom ple te  
rem oval o c c u rre d . In the la t te r  c a se  the sy stem  can be rec y c le d . Iso lation  of 
b is-PA  w as c a r r ie d  out using  e x tra -p u re  s il ic a  g e l (M erck, c a t.  7754). A lte rn ­
atively , M allink rod t s il ic ic  acid can  be used. Because of the ion exchange c a p a c itie s  
of s il ic a  ge l (see  C hap ter 1), hom ogeneity  in m e ta l content of elu ted  bis-PA  w as 
achieved by a m e ta th e tic  rea c tio n  in C H C l./M eO H  so lven t sy s tem  w ith a  la rg e
ex cess  Na+ ions. Solvent sy s te m s  C H C l_/M eO H /H „0 2 /1 /0 . 75 o r  so lven t
172 J ^sy stem s con tain ing  le ss  CHC1 afforded b iphasic  sy s tem s  w ith c le a r  p h a se so
and sharp  in te r fa c e . Control e x p e rim en ts  ( i .e .  w ithout phospholip id) show ed that
no NaCl w as t r a n s f e r r e d  into the  low er C H C l. phase  of these  sy s te m s . A lthough
J 173phospholipids c a n  tra n s fe r  s a lts  from  aqueous to  o rg an ic  so lv en ts  , no d esa ltih g  
of b is-P A s w as c a r r ie d  out b ecau se  the phospholipid so obtained had Cl = 0. 00% 
(analysis  fo r  DPG sam ple).
D ifficu lties  w ere  encoun tered  in the e lem e n ta l an a ly se s  of these  phospho ­
lip ids. As an exam ple  an a ly ses  of the sam e sam p le  of CLXXVIII (R = C 
X = Na+) [d rie d  fo r  2 days a t 2 5 °C /0 . 2 m m  b e fo re  sending fo r  an a ly s is ]  by two 
d iffe ren t a n a ly tic a l la b o ra to r ie s  gave w idely d iffe rin g  v a lu es. CHN a n a ly tica l
l till UHltiiWWiiHtiMSIUmiKM if
la b o ra to ry  found that when th is  sam ple w as ana lysed  in an open boat with WO^ 
c a ta ly s t (th is acting, i) a s  oxygen donor, ii)  to rem o v e phosphorus, i ii)  to  rem ove 
sodium  which m ight o th e rw ise  form  Na^CO^, g iving a low carb o n  content) carbon  
content w as fa r  low er than th e  expected . When the sam e sam p le  encapsulated  in 
A lum inium  (a technique w hich avoids the p ick -up  of m o is tu re  and is a good 
safeguard  with low m elting  com pounds ag a in s t p re m a tu re  vapo riza tion ) w as analysed 
b e t te r  ag reem en t w ith the th e o re tic a l value fo r  ca rbon  w as found. The ana ly tica l 
r e s u lts ,  e sp ec ia lly  from  CHN, suggested  that th ese  phospholip ids a re  hydrated  
(one w a te r  m olecule p e r  phosphate group). T hese  a n a ly s ts  a lso  inform ed us that 
the com pounds gain weight d u rin g  the w eighing p ro c e d u re . 0 . 88% lo ss  of H^O a f te r  
pum ping at R T /2  m m  w as re p o rte d  to us by B ernhard t fo r  a sam ple prev iously  d ried  
a t  2 5 ° /0 . 2 m m . It is  w orth  noting that th ese  a n a ly s ts  found low er hydrogen and much 
h ig h e r phosphorus content than  the CHN an a ly s ts . We th e re fo re  subm itted sam p les 
to  G alb ra ith  L a b s . , who, in  addition to  fu rn ish ing  r e s u l t s  fo r  the % C, H and P in 
exce llen t ag reem en t with CHN re s u lts ,  w e re  a lso  ab le  to  d e te rm in e  H^O by the 
K arl F is c h e r  p ro ced u re . T he % H^O found is  in v e ry  good ag reem en t w ith that 
expected  fo r  the p re se n ce  o f one m ol (see  E x p erim en ta l section).
A nother p ecu lia rity  of ou r b is-P A  sodium  s a lts  is  th a t they p o ssessed  m .p . s 
low er than the co rresp o n d in g  b is-P A s f re e  ac id s  p re p a re d  by B a e r ^  (cf. Table 
XXIX).
TABLE XXIX MELTING POINTS OF BIS-PAs
Bis-PA, CLXXVII1
M elting Point, °C
M = H
B a e r’s ^  V alues
M = Na 
P re sen t W ork
M = Na? 
Ref. 9
R = C 17H35 6 9 .5  - 70 .5 67 - 9 69 - 70
R = C 15H31 62 - 63 5 4 - 6 -
R = C 13H27 49 - 50 45 - 7 -
The rea so n  fo r th is trend  i s  not known.
8 -C -5  ISOLATION AND PURIFICATION OF DPGs.CLXXIX
A fte r the rem oval o f TBDMS group  from  CLXX a p ro b lem  to be faced w as
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the re c o v e ry  of DPG, CLXXIX. In sm all s c a le  ex p erim en ts  rem o v a l of the w ater
used can  be conveniently done by a z eo tro p ic  evaporation  w ith benzene a n d /o r
fre e z e -d ry in g . In la rg e  sca le  ex p e rim en ts , w ate r rem oval by az eo tro p ic
d is tilla tio n  a t reduced p re s s u re  was tim e-co n su m in g  and hydro ly tic  degradation
of DPG w as th e re fo re  expected to  occur. A b e tte r  p rocedu re  w as to form  a two
phase sy s tem  by ad justing  the p ropo rtions to  C H C lg/M eO H /k^O  2 /1 /0 .  75 o r
1 /1 /0 . 75 v /v . T h is m anipulation is  known to  re su lt  in som e lo s s e s  of acid ic
171 172phospholipids into the M eOH/k^O upper p h a se  ’ . The d is trib u tio n  of acid ic
phospholip ids in the upper phase can be d e p re s se d  by s a lts , p a r tic u la r ly  d ivalent 
m etal s a l ts  ^  o r  by in c reasin g  the am ount of H^O in the sy stem  Addition of 
H^O to  g ive a  w a te r content o v er 0. 75 in e i th e r  system , esp ec ia lly  the f i r s t  one, 
re su lted  in the form ation  of a  p e rs is te n t em u lsio n  in o u r ca se . A ddition of m etal 
sa lts  a t  th is  stage w as undesirab le in view  of the subsequent D E A E -cellu lose 
ch rom atography  (overloading the colum n w ith  sa lts ) . The b es t co m p ro m ise  w as 
to re c o v e r  the bulk of DPG in the low er p h a se  (CHCl^) and re c o v e r  the r e s t  of the 
m a te r ia l from  the upper phase using a z eo tro p ic  d is tilla tio n  a t c a . 30 - 3 5 ° /w ate r 
a s p ira to r  (see  T able XXIII). The m a te r ia l from  the upper phase alw ays had a 
yellow ish  co lour.
P u rification  of DPGs so obtained cou ld  be easily  done by colum n ch ro m a to ­
graphy  on s il ic a  gel. F o r rea so n s  d isc u sse d  in C hap ter 1 concern ing  the elution 
of v a rio u s  sa lt fo rm s of DPG from  s ilic a  g e l colum ns (confirm ed by u s) and the 
non-conversion  of ce rta in  sa lt fo rm s of DPG to o th e rs  by m e ta th e tic  reac tio n s 
(see C h ap te r 1 on cation se lec tiv ity  of DPG and page 73 fo r an ex p e rim en t) we 
developed a purification  p rocedu re  using D E A E -cellu lose (ace ta te  fo rm ) that
p ro v id es an exclusive sa lt- fo rm  of DPG. D E A E -cellu lose (ace ta te  fo rm ) was shown 
24by R o u ser e t al to be a v e rsa tile  a l te rn a tiv e  to s ilic ic  acid fo r  iso la tion  and 
p u rifica tio n  of phospholipids. When it w a s  applied to ca rd io lip in  iso la tion  and 
p u rifica tio n  it w as found that:
174a) ca rd io lip id  suffered  decom position [ i t  m ust n e v e rth e le ss  be noted that th is
ch ro m ato g rap h ic  purification  required  tw o  days and ca rd io lip in  w as elu ted  on the
second day with solvent C H C lg/M eO H /conc. NH^ 4 /1 /2 0  m l/ l i t  (450 m l); th is
bas ic  so lvent sy stem  may have caused d eg rad a tio n  of ca rd io lip in  m olecu les with
174concom itan t appearance of "acid ic breakdow n p roducts" | ;
24ab) ca rd io lip in  and PA may be eluted to g e th e r
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We have used s tepw ise  elution with C H C l^ /g lac ia l AcOH/AcONH^ (stepw ise 
in c reasin g  the m o la rity  of AcONH^). TLC showed th a t PA w as absent from  the 
elu ted  DPG (PA; R _  0. 05; card io lip in , R _  0. 38 on s il ic a  gel, CHCl_/M eOH/
r  r  j
c. NHg 6 5 /2 5 /5  v /v ; Ref. 22, page 552). D etection w as achieved by both Zinzadze
reag en t + c h a r r in g  and 35% + c h a rrin g . The e lu tion  schem e we re p o rt w as
found to be s a tis fa c to ry  and highly rep roducib le  (20 ch rom atog raph ic  runs); see
a lso  Table XXIV. The bulk of DPG w as alw ays elu ted  in 11 - 15 frac tions ( i .e .
m ostly  with 25 mM AcONH.). Rem oval of AcONH. from  the d es ire d  frac tio n s  w as4 4
effected  by evapo ra tion  of a CHCl^/MeOH 2/1 solution contain ing 1 ^ 0  (to tu rb id ity ) 
and finally  pum ping in vacuo (R T /0 . 2 - 0. 3 m m ) fo r  ca . 5 - 7  days to constant 
w eight (± 1 m g accuracy)* .
As w ith  b is-P A s, i t  w as difficult fo r  us to obtain sa tis fac to ry  ana ly tica l 
va lues fo r th e se  phospholipids, espec ia lly  fo r  th e ir  sodium  sa lts . We th e re fo re  
analysed  them  a s  the am m onium  sa lts , although d iffe re n t la b o ra to ries  rep o rted  
qu ite  d iffe ren t values fo r  the sam e sam ple of am m onium  sa lt (see experim en ta l 
fo r  CLXXIX, R = C gH3  . M = NH^). The "b e s t"  an a ly tica l r e su lts  (by CHN 
an a ly s ts )  suggested  that the m olecu les w ere  obtained in a  b is-hyd rated  form  
( i .e .  one H^O m olecule p e r  phosphate group). We w ere  a lso  inform ed th a t these  
m olecu les g a in  weight du ring  the weighing p rocedu re  (CHN an a ly sts)  and a 1. 17% 
lo ss  of w eight on dry ing  (R T /2 m m ) w as rep o rted  to us by B ernhardt (fo r CLXXIX, 
R = C ^ H ^ ^ , M = NH^). Sam ples subm itted to G alb ra ith  Labs, gave ana ly tica l 
re s u lts  in ex ce llen t ag reem en t w ith those from  CHN and fitted  the th e o re tic a l 
values fo r C, H, N and P calcu lated  fo r d ih y d ra tes . In addition, K a rl-F is c h e r  
es tim a tio n s  o f H^O by C a lb ra ith  gave re s u lts  expected fo r  di hydrates.
The m . p. s of the com pounds w ere  determ ined  u sing  cap illa ry  tubes. A 
m etas tab le  tra n s itio n  w as seen  a t ca. 170°C ind icating  som e kind of decom position . 
A fte r m elting  a t the indicated  te m p e ra tu re s  (see E x p erim en ta l)  a c le a r  brow nish 
o il re su lte d . It should be noted that a ll th re e  CLXXIX (R = C _H , R = C H , 
and R = C ^ H ^ >  M = NH^) m elted  in a very  narrow  reg ion  around 180°C. A lm ost 
no varia tio n  of m .p . w ith fatty  acyl chain w as seen.
T L C  (s ilic a  ge l N, CH C lg/M eOH /c. NHg 6 5 /2 5 /5 )  of our DPGs, CLXXIX, 
vs na tu ra l ca rd io lip in  (ex-bovine, Lipid P roducts, England) showed that all
* AcONH^ o r  AcOH can be seen  on wet TLC p la tes  (s ilic a  gel N, CH C l„/M eO H /
c. NH_ 6 5 /2 5 /5  v /v ; R _ ca . 0. 3) but not when c h a rre d .
o  r  —
4a
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sa tu ra ted  DPG sam ples trav e lled  considerab ly  m ore slowly (R 0. 37) than ther*
po lyunsa tu rated  n a tu ra l ca rd io lip in  (R 0.55), F igure 17. T h is i s  in accord  with
g ^
the o b se rv a tio n  of Inoue and Nojima that th e ir  racem ic  CLXXIX (R  =
M = Na) moved slow er (R 0 .3 5 ) than polyunsaturated  ca rd io lip in  (b ee f-h ea rt,
r
R 0. 48), w hereas it had the sam e R values as  card io lip in  from  S. g r is e u s  o r
** f  g
E. co li, the  acyl re s id u e s  of which w ere  sa tu ra ted  and m onoenoic. (TLC w as run
w ith C H C lg/M eO H /am m onia 7 5 /2 5 /4  solvent system ).
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DC a re  w as ex e rc ise d  in m easu rin g  the op tical ro tation  v a lu es  ' Our  M 
values w e re  +90. 1 ± 0. 4° fo r qu ite d ilu te  so lu tions of CLXXIX am m onium  sa lts  
(27 .5  m g /m l solution in d ry  CHCl^; so lubility  p rob lem s did not allow  g re a te r  
co n cen tra tio n s). F o r CLXXIX (R = C _ H .., M = Na) M_ +75. 35° (c, 4. 4) in
^ I /  wD \-J
C H C l, w as repo rted  and fo r 1, 3-bis-f(1 '-s te a ro y l-2 '-o le o y l- s n -g ly c e ro ) -3 ’-
d 7phosphory l] g ly cero l :
a) b is -so d iu m  salt: +87.49° (c, 9 .0 )  CHCl^
b) b a riu m  sa lt: MQ -99. 83° (c, 6.0 )  CHClg.
T hese v a lu es indicate a confo rm ational change of the DPG m olecu le  in solution 
which is  s trong ly  dependent on the  cation  ra th e r  than on the co n cen tra tio n .
Before se ttling  on D E A E -cellu lose column chrom atography  fo r the pu rifica tion  
of DPG, som e ex p erim en ts  w ere  p erfo rm ed  using o ther p u rifica tio n  techniques.
Thus:
1) C hrom atograph ic pu rifica tion  on s il ic a  g e l (M erck, ca t. 7734) afforded two 
m ain frac tio n s containing DPG a s  shown by TLC (Table XXVII). The frac tio n
e lu ted  f i r s t  w as the calc ium  s a lt  (analysed c o rrec tly ) . Thus, we confirm ed
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r e s u l ts  prev iously  obtained by N ielsen The second fra c tio n , eluted
w ith m o re  MeOH in C H C l,, w as the sodium sa lt (in th is  ca se  ana ly tica l valueso
w ere  w ell out, probably  because  of co-elu tion  of colum n m a te r ia l) .  __
1622) C o n tra ry  to published re su lts  o u r DPG calcium  sa lt did n o t elu te from  a
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hydroxylapatite  colum n, n e ith e r  with acetone/m ethanol 9/1 v /v  nor with 
pu re  m ethanol.
C onversion of DPG am m onium  sa lt to  any m etal sa lt d e s ire d  can be very
conveniently  effected by a m eta the tic  reaction  analogous to the b is-P A  ca se . The
sa lts  so obtained w ere  highly inso lub le in C H C l,, CH Cl,/M eO H  m ix tu re s  and
d J 178 '' ' 179
MeOH. T h is observation  is  a lso  in accord  with that of H ara and Pangborn 
about so lu b ilitie s  of sa tu ra ted  ca rd io lip in s .
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CL 1» 2 3
ORIGIN
c l r  2’____a:
FIGURE 17
TLC on s i l ic a  gel N of syn thetic  DPGs, CLXXIX, (am m onium  s a lts )  vs 
n a tu ra l card io lip in  (b ee f-h ea rt)
C L  : e x -b e e f-h e a r t ca rd io lip in
1, 1' syn the tic  DPG, CLXXIX (R = C ^ H ^ .  M = NH4 )
2, 2 ' syn thetic  DPG, CLXXIX (R = C g H ^ ,  M = NH^)
3, 3 ’ syn thetic  DPG, CLXXIX (R = C H2 r  M = NH4 )
am oun t spotted : 1 x 1 0  ^ mol for 1, 2 and 3
4 x 10 ^ mol for 1 ', 2' and 3'
develop ing  so lven t sy stem  : CH Clg/CH ^O H/conc. NH^ 65 /25/5  
rev e a lin g  : sp ray in g  with 35% H2S 0 4 and c h a rr in g
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C H A P T E R  9
E P I L O G U E
9-A EVALUATION OF THE SYNTHESIS
If we accep t that the s tru c tu re  o f ca rd io lip in s is th a t of diphosphatidyl 
g lycero l, then th is  account d esc r ib e s  a sim ple way fo r the p rep a ra tio n  of th is 
c la s s  of m olecu les.
In sp ite  of the apparen t s im p lic ity  of the ca rd io lip in  ( s  DPG) m olecule, 
th e re  a r e  m any ways fo r i ts  syn thesis to  be accom plished .
A de ta iled  se a rch  fo r  su itab le p re c u rs o rs  fo r the DPG m olecule was 
undertaken (C hap ters 5, 6, 7 and 8). W hile, in view of r e s u l ts  p resen ted  in 
C hapter 8, the problem  of m iddle g ly c e ro l pro tection  (C h ap te r  5) can be regarded 
as  solved, the trad itio n a l p rob lem s in d ig lyceride  c h e m is try , espec ia lly  the 
p rep a ra tio n  of polyunsaturated  1, 2 -d ia c y l-sn -g ly c e ro ls , s t i l l  rem ain  unsolved. 
P ro g ress  in  the developm ent of alcoholic  p ro tecting  g ro u p s  w ill eventually  make 
possib le th e ir  facile  p rep a ra tio n . The a ttem p ts  rep o rted  h e re in  to introduce some 
novel p ro tec tin g  groups point tow ards the notion that a su c ce ssfu l group will 
follow the t r ia l - a n d - e r r o r  rou te ra th e r  than a w ell p lanned and executed project. 
This is because the p ro p e r tie s  of a p ro tec tin g  group can be modified, and 
frequently  do so, when attached  to a d iacy lg lycero l m oie ty  (cf. C hapter 6, TBDMS 
and o -n itrobenzoy l g roups).
The choice of a s ta rtin g  m a te r ia l is frequently  d e te rm in ed  by the 
ava ilab ility  of a second reagen t to e ffec t the production of a d es ired  m olecule.
To th is  end, CEP-O -CEP proved to be a  new, s a tis fa c to ry  phosphorylating agent 
fo r sim ple m onofunctional alcohols. I ts  application to phospholipid chem is try  
through the p rep a ra tio n  of DPG m olecu les p resen ted  both a way out of the classical 
phosphorylating  agents and a challenge in the understand ing  of its  ch e m is try . It 
is  perhaps not su rp ris in g  that the p ro p e r tie s  of the CEPO- m oiety attached  to a 
1, 2 -d iacy lg lycery l p a rt a r e  modified when com pared to s im p le r  alcohols. Further 
investigation  of th is point is  of obvious im portance, s in c e  an understanding of the 
detailed  reac tio n  m echanism  (cf. Schem e XXVIII, C h ap te r 8) will make possible 
the se lec tion  of b e tte r  reac tio n  conditions for an effec tive  coupling of two alcohols
m afcM iism evm m ggiah.ti1I i
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(one o f  which is  a  1 ,2 -d ia c y l-sn -g ly c e ro l)  with CEP-O -C EP.
Applying CEP-O -CEP we e ffec ted  a DPG sy n th esis  in  20 -  28% y ie ld  from  
1, 2 -d ia c y l-sn -g ly c e ro ls  in  fou r s te p s  only two of w hich re q u ir in g  p u rifica tion  
p ro c e d u re . T h ese  yields com pare  fav ou rab ly  with those of de Haas and van 
D eenen^ (26% fro m  d iacy lg lycero l iodohydrin ) an d a re  5 to 7 tim es  b e t te r  than
g
those o f Inoue and Nojima (4% from  d iacy lg ly ce ro l iodohydrin). S aunders and 
a
S chw arz claim ed 50% of DPG from  1, 2 -d is te a ro y l-sn -g ly c e ro l but our rep e titio n  
of t h e i r  work (C hapter 4) revea led  th a t  no m ore than 10% DPG is ac tua lly  form ed 
in a  h igh ly  com plicated  m ix tu re  of re a c tio n  p roducts.
P urification  of DPG w as ach ieved  by applying ion-exchange ch rom atography  
on D E A E -ce llu lo se . To o u r knowledge th is is the f i r s t  tim e that th is  m a te r ia l w as 
ap p lied  for pu rifica tion  of a reac tio n  p roduct in phospholipid c h e m is try . T h is 
techn ique should find w ider ap p lica tio n s  with phospholipids obtained syn the tically .
Its g r e a t  m e rit is  that once a  column h a s  been p rep a red  and s tandard ized  it can 
be u se d  repea ted ly  with the sam e e ff ic ien c y . M oreover, th is  technique allow s 
au tom atiza tion .
9-B FUTURE WORK
Every su ccessfu l sc ien tific  p r o je c t  b rings to  the su rfa c e  new challenging 
p ro b le m s  re q u ir in g  solution. In the c a s e  of DPG o u r w ork revea led  tha t m ore  
in te n s e  and m o re  labour consum ing r e s e a r c h  is  needed in the phospholipid field. 
P robab ly  re -ev a lu a tio n  of the whole sy n th e tic  plan is  needed, s ta rtin g  from  a 
b e t t e r  m odification of the D -m ann ito l m olecule, leading eventually  to po lyunsaturated  
1, 2 - d ia c y l-sn -g ly c e ro ls  un d er ex p e rim en ta lly  s im p le r  conditions. E nzym es as  
c a ta ly s ts  to a ffec t d es ired  tra n s fo rm a tio n s  s ta rted  finding app lica tions in lipid 
c h e m is try ^ . Probably, the c o m m e rc ia l av a ilab ility  of po lym er-bound lip a se s  and 
p hospho lipases  w ill in c re ase  the e a s e  with which a d e s ire d  lipid o r  phospholipid 
s p e c ie s  would be obtained, thus b y -p a ss in g  m u ltistep  syn thetic  p lans.
Having an  easy  and quick m ethod  of obtaining p u re , individual DPG m olecules 
of a s s u re d  s tru c tu re  and con figu ra tion  and hom ogeneous m e ta l content, the way is 
now open fo r th e ir  b iophysical and b iochem ica l stud ies. The re lev an t in form ation  
fo r  such a study was com piled  in C h a p te r  1. -
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